ee pee nee am re 


















LABCO SERVICE 


The uniformity and reliability of Labco Products are features 
of merit which serve to constantly increase their scope of service : 
and utility in nutritional and physiological research. 


Basic Labco items widely used for research and routine purposes _ 
include: Vitamin-free Casein, Lactalbumins, Rice Polish Concen- . | 
trates, Milk Vitamin Concentrates, and Lactoflavins (riboflavin 
from milk with high solubility). Other items of specialized char- 
acter are also available. 























Prices and Infortnation on Request 


THE BoRDEN COMPANY A 
LABCO PRODUCTS DEPARTMENT ‘, 
350 Madison Avenue, New York, N. Y. 5: 


























New Junior Model— 
Van Styxe MaNnometric Boop Gas 
APPARATUS 


_~ This Junior Model apparatus meets the demand of sufficient 
< | accuracy and easy manipulation at low cost. Thee 
_~. chamber is the same as that supplied with the motor driven 
' Research Model. It is teed to be calibrated to +0.003 — 
mil. at 0.5 ml. and +-0.005 ml. at 2.0 ml. 
This new model is conveniently shaken by hand. The omission 
of the water jacket and the use of the meter stick to read the 
pressures on the manometer introduce an error not exceeding 
0.2 vol. per cent. 


Designed for Student Instruction 
REASONABLY PRICED AT $40.00 


The low price of the Junior Model Van Slyke Manometrie 
A us makes possible its more general use in student 
clinical laboratori: 


i on and es. 
i with 
hs fina ls ited a Re gas anon? te a 
the latter fused to the apparatus. 

Send for Literature and Price List 
MACALASTER-BICKNELL COMPANY 


Cambridge, Mass. New Haven, Conn. 














ABSORPTION OF LIGHT BY CHLOROPHYLL SOLUTIONS 
By G. MACKINNEY 
(From the Division of Fruit Products, University of California, Berkeley) 


(Received for publication, March 13, 1941) 


In a previous paper (1), studies were made of chlorophyll de- 
gradation products frequently to be found in leaf extracts. The 
isolation of spectroscopically pure chlorophylls a and 6 was then 
considered (2). The logical outcome of these studies is the ap- 
plication of the data to the determination of chlorophyll in extracts. 
It is complicated by the suggestion that chlorophyll as known to 
Willstatter and Stoll is an artifact. Meyer (3) states that Stoll’s 
chlorophyll preparations cannot account for the absorption of 
crude leaf extracts, except on the basis of an abnormal 9:1 ratio 
of chlorophyll a to b, and even then a discrepancy occurs in the 
green at about 5400 A. 

This paper deals with the estimation of chlorophyll in plant 
extracts by application of absorption coefficients of the isolated 
solid chlorophyll components. The question of artifacts is thereby 
automatically clarified. A secondary problem arises in the sub- 
stantial effect of solvent on the coefficients, and this will be dealt 
with first. 

Effect of Solvent on Absorption Coefficients of Chlorophylls a and b 
—Absorption coefficients have been reported (2) for the chloro- 
phylis in anhydrous acetone in some detail. For certain compari- 
sons, a few values were also given for benzene and anhydrous 
ether ((2) Table II]).!. Through the courtesy of Dr. F. P. Zscheile, 


' The value of log «, chlorophyll a, “This laboratory”’ should read 5.266, 
not 5.246, a clerical error, amounting to 5 per cent. Confusion exists as to 
the most desirable method of expressing these absorption or extinction 
coefficients. Except in this comparison, the writer follows Brode’s con- 
vention (4). Hitherto «, the molar coefficient, has more often been calcu- 
lated to base e. Because ¢ is frequently unwieldy, 50 to 100,000, logyo « is 
reported. Brode defines « in terms of k, and k has an advantage in that it 
retains its significance in a mixture; just as in an alloy, a gm. is unam- 
biguous, a mole is not. 
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we have examined a manuscript by Zscheile and Comar (5) in 
which it appears that the values at the respective maxima in ether 
are 10 to 12 per cent higher than those reported by the writer, 
and the minimum definitely lower. In their method, the chloro- 
phyll is not dried, and the concentration is determined subsequent 
to the spectroscopic measurements. 

We cannot here recapitulate the reasons for considering our 
preparations devoid of significant traces of degradation products 
but we may note certain effects of solvent on the absorption co- 
efficients. Thus in methanol (Table I), by methods and with 


TABLE | 
Absorption Coefficients for Chlorophylls a and b in Ether and Methanol 


In ether In methanol 
Chlorophyll | - = cals iostahaiacieliea 
A k anhydrous kU.s8.P. A k 
a 6600* 90.1 93.4 6650* 74.5 
6400+ 11.2 6500t 27.6 
6150* 13.4 14.6 6200t 16.9 
4720t 1.3 52 4800t 1.5 
4300* 109 116.5 4325* 71.5 
b 66007 14.8 5.3 6650T 18.3 
6425* 54.9 53.6 6500* 36.4 
5100t 2.8 2.5 5200f 3.4 
142.3 


4550* 150.3 4750* 


102.4 





* Near maximum. 
+ Near maximum of the other component; 7.e., within 10 A. 
t Near minimum. 


equipment previously used (1, 2), the value at the red maximum 
for chlorophyll a is greater than at the blue peak. An extract 
from Chroococcus, a blue-green alga examined by Strain’s pro- 
cedure ((6) p. 129), showed the same effect in ethanol. The 
absorption of chlorophyll is derived by subtracting the non- 
saponifiable’ (carotenoid) absorption from the total. As no chloro- 
phyll b has been detected in the alga, the reconstructed green pig- 
ment curve may be ascribed to chlorophyll a. With Merck’s 


2 The writer thanks Dr. H. H. Strain and Dr. Charlton M. Lewis for this 


observation. 
3 The saponification time is 20 to 30 minutes. 
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v.s.p. ether (Table I) the values for chlorophyll a at 6600 A. 
were about 4 per cent higher, and were lower at 4720 A. by nearly 
20 per cent than those previously reported (2) with ether distilled 
over sodium. v.s.P. ether usually contains 2 to 3 per cent alcohol 
for stabilization, which is only effectively removed when distilled 
over sodium. 

Our solid chlorophyll has been thoroughly dried for several days 
over P:Os in vacuo. Chlorophyll is ordinarily very retentive of 
traces of water, and the dried product, when dissolved in anhydrous 
ether, is apparently solvated to a different extent, or in a different 
way than is the case when the ether contains traces of alcohol, 
or the chlorophyll traces of water. In the case of the pigment 
hypericin (7), there even appear to be two distinct molecular 
species capable of coexistence in a mixed solvent. The effect of 
solvent on maxima for both chlorophylls a and b may also be noted 
in the change from anhydrous acetone (2) to 80 per cent aqueous 
acetone (Columns 2 and 3, Table I). 

Another explanation involves the possible adsorption of pigment 
on the walls of the absorption cell, noted by Dr. Strain with xan- 
thophyll spectra. It may therefore be an irony that with highly 
purified preparations errors will be introduced by the use of highly 
purified solvents particularly when the solutions so prepared are 
to serve as standards for comparison with extracts. It becomes 
of utmost importance that, if crude extracts are to be analyzed, 
the standards for comparison shall be in the same solvent with the 
same solvent contaminants as in the extracts, and with the same 
moisture content. 

In Table I are given a few values of k, the absorption coefficient, 
at selected wave-lengths for samples of chlorophylls a and b from 
spinach, in methanol (99.8 per cent) and in ether (Merck’s v.s.P.), 
and anhydrous values recalculated on the same basis. Solid 
chlorophyll a is unfortunately insoluble in aqueous methanol. 
Even with 99.8 per cent methanol it was necessary to dissolve the 
sample in 1 ml. of acetone, and subsequently to make to volume 
with the methanol. 

In Table II, Columns 2 and 3, are given the & values for the 
same preparation of chlorophylls a and b in aqueous acetone (20 ml. 
of distilled water per 80 ml. of redistilled anhydrous c.p. acetone). 
To bring the chlorophyll into solution, 2 ml. of acetone were used, 





318 Absorption of Light by Chlorophyll 
then 0.5 ml. of water. The sample was then made to volume. 
It must be emphasized that a change of a few per cent in composi- 


TABLE II 


Analysis of Absorption by Avena Extract in Aqueous Acetone 


Avena, 

















cA Chlorophyll Calculated contribution eunart- |Doviailen Per cent 
» Ae = ee mental, deviation 
ke* kb kata kocb Combined ke 
(1) (2) (3) (4) (5) (6) (7) (8) (9) 
6800 | 11.49 0.046 0.049 


6700 | 56.75 | 3.39 0.237 | 0.005 0.242 | 0.231 —0.011 4.8 
6650 80.91 6.55 | 0.324 | 0.009 0.333 | 0.330 —0.003 0.9 
6630 32.04 , 9.27 | 0.328 | 0.013 | 0.341 0.341 0 0 








6600 | 76.03 | 14.69 | 0.304 | 0.021 | 0.325 | 0.331 40.006 1.8 
6500 | 28.51 | 40.74 | 0.114 | 0.057 0.171 | 0.177 | +0.006 3.4 
6450 | 16.75 | 45.60 | 0.068 | 0.064 0.132 | 0.131 | —0.001' 0.8 
6400 | 12.39 34.51 | 0.050 | 0.048 0.098 | 0.095 | —0.003 3.2 
6350 11.62 | 20.32 | 0.046 | 0.028 0.074 | 0.074 0 0 
6300 | 13.15 | 12.70 | 0.052 | 0.018 0.070 | 0.068 | —0.002 2.9 
6200 | 16.37 | 9.06 | 0.065 | 0.013 | 0.078 | 0.077 | —0.001. 1.3 
6150 | 16.33 9.00 | 0.065 | 0.013 | 0.078 | 0.077 | —0.001) 1.3 
6100 | 15.17 | 9.17 | 0.061 | 0.013 | 0.074 | 0.073 | —0.001' 1.4 
6000 | 10.12 | 11.14 | 0.040 | 0.016 0.056 | 0.057 | 40.001) 1.8 
5800 | 9.02 7.80 0.036 | 0.010 0.046 | 0.048 | 40.002 4.1 
5600 | 4.73 6.240.019 | 0.009 0.028 | 0.028 0 0 
5400 = 33.44 «45.33 | 0.014 0.008 0.022 0.024 | 4+0.002 8.3 
5350 | 3.49 4.660.014 0.007 0.021 | 0.024 | +0.003) 12.5 
5300 | 3.28 3.950.013 | 0.006 0.019 | 0.023 | +0.004 17.4 
5200 2.32 3.08 | 0.009 | 0.004 0.013 | 0.022 40.009 41 
5000 «1.75 4.02 | 0.007 | 0.006 0.013 | 0.063 | +0.050 79 
4900 1.52) 8.38 | 0.006 0.012 0.018 | 0.130 40.112 86 
4800 | 1.30 | 28.00 0.005 0.039 | 0.044 | 0.243 40.199 82 
4700 | 1.77 | 82.41 | 0.007 | 0.115 | 0.122 | 0.351 | +0.229) 65 
4600 | 3.19 130.3 | 0.013 | 0.182 0.195 | 0.393 | +0.198 50 
4500 10.70 90.4 0.043 0.127 0.170 0.407 +0.237 58 





4400 | 58.62 55.3 | 0.234 0.077 | 0.311 0.539 | +0.228 42 
4300 90.78 47.0 | 0.363 0.066 0.429 0.617 | +0.188 30 
4250 | 80.17 | 36.1 0.321 0.051 0.372 0.5442  +0.170 31 


* k, the specific absorption coefficient, as defined by Brode (4), from log 
I,/l = ked. The calculated contributions are determined from Avena 
values for kc (Column 7) from equations set up for 6630 and 6450 A; namely 
(Equation 1) 82.04ce. + 9.27% = 0.341 and (Equation 2) 16.75ca + 45.6. 
= 0.131. 





tion of the solvent materially changes these values. In Column 
7 is given the absorption of an Avena extract in this solvent. 
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An extract was also obtained from Malva and this yielded similar 
results. 

Determination of Chlorophylls a and b in Plant Extracts—These 
extracts were prepared by crushing 5 to 10 gm. of freshly picked 
leaves in the above solvent. The watery fluid was quickly de- 
canted, and the residue reextracted. Aliquots of the green filtrate 
from this extraction were diluted 1:5 and 1:25 for spectroscopic 
examination. The composition of the solvent in the crude extracts 
was therefore virtually identical with that of the standards. 

The concentrations of chlorophylls a and b in Avena and Malva 
were obtained by setting up the usual simultaneous equations. 
Since the blue region cannot be used because of carotenoids in 
the crude extracts, inspection of the k values reveals 6630 and 6450 
A. as the logical choice, As between preparations, the k values have 
an uncertainty of about 2 per cent, and the greatest accuracy is 
attainable at the maxima. Furthermore, Columns 4 and 5 show 
that at 6630 A. chlorophyll a contributes 96 per cent of the total 
Avena absorption. So long as this wave-length is chosen for 
Equation 1, errors in the determination of chlorophyll a are not 
great, whatever wave-length be chosen for Equation 2, but errors 
in chlorophyll b may be altogether disproportionate. Equation 2 
must therefore be taken from the values at 6450 A., where chloro- 
phyll b exerts its greatest effect except in the blue. The 2 per cent 
uncertainty would need to be reduced to less than 0.5 per cent 
at the other wave-lengths before we could pick the necessary 
pair of equations at random. 

For Avena, the chlorophyll a concentration was 0.00400 and 
that for chlorophyll b 0.00140 gm. per liter. Corresponding Malva 
values were 0.00394 and 0.00124. The contribution of each 
component to the Avena absorption is given in Columns 4 and 5; 
the calculated combined a + b (Column 6) is then compared with 
the experimental value for Avena (Column 7). Agreement is 
excellent to 5400 A. The divergencies from 5400 to 4250 A., 
plotted in Fig. 1, show the typical spectra of carotenoids. It is of 
interest that the older Malva is richer in total carotenoids than 
Avena, and from the slight shift in maxima, it also appears to 
contain more lutein-like components. The ratios of chlorophylls 
a to b for Avena and Malva are 2.84 and 3.18 respectively. As- 
suming a k value of 200 at 4600 A. for lutein and 8-carotene (the er- 
ror is not over 10 per cent), we may calculate carotenoid concentra- 
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tions from the deviations (Column 8). For Avena (Table II) at 
this wave-length, the deviation is +0.198, for Malva +0.255, 
equivalent to 0.00099 and 0.00128 gm. per liter, and the ratios of 





KC 
3 


Malva 


--- Avena 


0.4 





4 4400 


Fic. 1. Plot of the deviations (* 10) of Malva and Avena extracts from 
calculated values for chlorophylls a + b. The abscissa represents the 
wave-length in A.; the ordinate, in terms of ke, represents non-chlorophyll 


pigment. 


total green to yellow pigments are 0.0054:0.00099 and 0.00518: 
0.00128 or 5.5 and 4.05 respectively. These are well within 
variations observed by Willstatter and Stoll. 
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It seems permissible to conclude that solid chlorophylls a and 
b can be used, together with carotenoids, in the preparation of 
standards to account for the entire absorption curve in the visible 
part of the spectrum, provided that a suitable solvent be chosen. 

When we consider crude leaf extracts in ether, it seems probable 
that Zscheile and Comar’s coefficients in this solvent (5) would 
be more applicable than those reported by the writer, owing to 
greater probability of solvent similarity, but there is insufficient 
critical information on ether solutions in the green to determine 
this point with certainty. 

Pigments such as anthocyanins, or phycocyanin in blue-green 
algae, must of necessity be removed by transference of the chloro- 
phyll to ether, but because this solvent cannot be used for extrac- 
tion, a transfer must be made, and the precise composition of the 
final solution may be a matter of considerable uncertainty. Ace- 
tone can be obtained in grades of high purity on the market; it 
can be redistilled over calcium oxide and made to any desired 
concentration by the simple addition of water. For the writer’s 
work it has had many advantages, and can be used on most com- 
mon higher plants for quantitative work in the red part of the 
spectrum. 

With the better grades of equipment available in this country, 
the present k values can probably be applied without serious 
error (of the order of 10 per cent). Repeated observations on a 
visual spectrophotometer of the difference in the two maxima for 
chlorophyll in the red check within 5 per cent the differences found 
on the photoelectric spectrophotometer used throughout these 
investigations (1, 2). A small two-grating photoelectric instru- 
ment now on the market gave similar results, when the narrowest 
slits were used. This indicates that impure light can be controlled 
within reasonable limits. The wave-lengths at which the ob- 
servations are to be made, and the solvents to be used, must be 
selected with the greatest care, if any of these data are to be suc- 
cessfully applied. 


SUMMARY 


Attention is drawn to the effect of solvent on the absorption co- 
efficients for chlorophylls a and b. Values obtained in anhydrous 
ether and anhydrous acetone (2) may now be compared with 
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similar values in methanol, v.s.p. ether, and aqueous acetone. 
It is possible also to account for the entire absorption, in the region 
examined, namely 6800 to 4250 A. of crude leaf extracts from 
Avena and Malva in aqueous acetone, with dried solid chlorophyll 
components, dissolved in acetone and made to volume with solvent 
of identical composition with the extract, from 6800 to 5400 A. 
The divergence from 5400 to 4250 A. is without doubt solely 
carotenoid in character. In view of this, we believe also that the 
chlorophylls as described by Willstitter and Stoll are artifacts 
only in the sense that they have been liberated from the pigment- 
protein complex termed chloroplastin. 


The writer is indebted to Dr. H. H. Strain and Dr. Charlton M. 
Lewis for observations and comments, to Dr. James H. C. Smith 
for advice and much assistance, and to Dr. H. A. Spoehr whose 
active interest made this investigation practicable. 
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A COLORIMETRIC MICROMETHOD FOR THE ESTIMA- 
TION OF CYSTINE AND CYSTEINE* 


By BRUNO VASSEL 


(From the Stamford Research Laboratories, American Cyanamid Company, 
Stamford, Connecticut) 


(Received for publication, April 15, 1941) 


Fleming’s (1) observation that cystine in the presence of ferric 
ions forms a blue color when heated with p-aminodimethylaniline 
suggested the application of this reaction to a quantitative estima- 
tion of cystine in biological materials. The formation of the 
blue color occurs in strongly acid solution, which enhances the 
value of the reaction as a means of estimating cystine in the acid 
hydrolysates of proteins. Moreover, the simplicity of the method 
outlined below lends itself to routine applications, an advantage 
over the procedure of Fujita and Numata (2). 


Details of Method 


Reagents 
Dye solution. 35 mg. of p-aminodimethylaniline monohydro- 


chloride (Eastman No. 492) dissolved in 100 ec. of 6 N HSO,. 
This solution decomposes slowly even in the dark in the refrigerator 
at 5° and should be made up freshly every 10 to 14 days. 

Ferric ammonium sulfate. 20 gm. of FeNH,(SO,).-12H,O 
(reagent grade) made up to 100 ec. with 1 N H,SO,. 

Zine dust (Mallinckrodt, reagent grade). No impurity should 
be present which cannot be dissolved in 1 N H,SO, upon heating. 

Acid for cystine standards. An acid having the same composi- 
tion and normality as that of the protein-hydrolysis mixture to 
be analyzed is required for use in the preparation of the standard 


* A report of this work was presented at the Hundredth meeting of the 
American Chemical Society at Detroit, September 9 to 13, 1940. 
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cystine curves as well as for the dilution of the hydrolysates if less 
than 1 ec. of the latter is to be analyzed (see text). 


Procedure 


Determination of Cystine—1.0 ec. of the solution to be tested, 
containing from 0.01 to 0.20 mg. of cystine, is measured into an 
18 < 150 mm. Pyrex test-tube. If less than 1 cc. is used, enough 
of the above acid is added to bring the final volume to 1.0 ce. To 
this are added, in the order named, 3 ce. of the dye solution, ex- 
actly 165 mg. of zine dust, and, after 2 to 4 minutes, 2 cc. of the 
ferric ammonium sulfate solution. With occasional mixing to 
counteract the tendency of the zine dust to float, the reducing 
action of the zine is allowed to proceed for 45 minutes. At the 
end of this time an additional 3 cc. of ferric ammonium sulfate 
solution are added and the test-tube lightly stoppered and im- 
mersed at once in a boiling water bath and held there for 
45 minutes. 

It is imperative that none of the zinc dust be left at the end of 
the heating period. To insure this, the walls of the test-tube are 
carefully wetted twice with the hot solution after 5 and 10 minutes 
of heating, thus removing any zine which may adhere. At the 
end of the heating period the mixture is placed at once in a cold 
water bath, during which time the greenish blue solution changes 
to a deep reddish blue color. The reaction mixture is now trans- 
ferred quantitatively to a 25 cc. volumetric flask and made up to 
volume with distilled water. The intensity of the blue coloration 
is measured in a 1 cm. cell at its maximum absorption band (5750 
to 5800 A.) in the Hardy spectrophotometer. 

To insure good analytical results, several factors of importance 
should be emphasized. 

All of the zine dust must have been destroyed at the end of the 
heating period, since the blue color, once it is formed, is very sensi- 
tive to even very mild reducing agents. In the absence of reducing 
agents the color not only is stable but increases in intensity upon 
standing. The absorption at 5800 A. is constant for 30 minutes. 
It then begins to increase slowly, as shown in Table I which records 
the increase in the extinction coefficient (—log T/l) at 5800 A. 
with time for a period of 124 hours. 

The standard cystine curve should be prepared from a cystine 
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solution which approximates as closely as possible the composition 
and acid strength of the solution to be analyzed. In the case of 
blood serum hydrolysates, 0.4 ec. of serum is digested for 18 hours 
at 115-120° with 2.5 cc. of an HCOOH-HCI mixture prepared by 
adding 58 ec. of concentrated HCI to 63 ec. of 85 to 90 per cent 
HCOOH (3). The hydrolysate is then made to a 10 cc. volume 
with 5 N HCl. The acid for the standard cystine curves for use 
with such hydrolysates is prepared by adding 25 cc. of the above 
HCOOH-HCI mixture to 75 ce. of 5 N HCl. This solution has 
a normality of 8.2 to 8.3 obtained by titrating an aliquot with 
1 n alkali. Enough water is then added to give a final solution 
of a normality of 6.8 to 7.0 which is equivalent to that of the hy- 
drolysates. However, the omission of the HCOOH in the standard 


TABLE I 
Changes in Intensity of Blue Color (at 5800 A.) with Aging 








Extinction coefficient 


at Extinction coefficient | . 
Hrs. after preparation (- log) | Hrs. after preparation (- log tr) 
— — — |—— —————————— ee 
0 0.374 3.5 0.381 
0.5 0.374 | 20 | 0.426 
1 0.375 28 | 0.437 
1.5 | 0.376 45 | 0.470 
2 | 0.377 | 53 0.482 
2.5 0.3775 118 0.521 
3 0.380 124 0.523 





cystine curve would introduce a serious error, as Curves IV and VI 
in Fig. 1 clearly show. Both are cystine concentration curves, 
in 7 N acid, plotted against the extinction coefficient. However, 
one of the acid solutions contains only HCl, while the other is 
composed of the right relative amounts of HCOOH and HCl, 
identical with the final mixture of the hydrolyzed and diluted 
serum. The normality of the solution to be analyzed must be 
duplicated in the standard curves, as Curves II, III, V, and VI 
of Fig. 1 indicate, all of which represent cystine-HCl solutions 
of varying acid strength. For this reason all of the reagents should 
be measured very carefully, preferably by microburette. Finally, 
a change in the amount of zinc dust used will influence the standard 
curve, as shown in Curves I and II of Fig. 1 where in one instance 
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(Curve I) 225 mg. of zine and in the other (Curve II) 165 mg. of 
zine dust are used with 1 N HCl. It is believed that this dis- 
placement of the standard curve is due to a slight increase in al- 
kalinity caused by the larger amounts of zinc. When the cystine 
content of urine is to be determined, the solvent in the preparation 
of the standard curve should be normal urine acidified with con- 
centrated HCl to 7 N acid strength. For the determination of 
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MGS. OF CYSTINE 
Fig. 1. Variations in the extinction coefficient at 5800 A. with different 
strengths of acids. Curve I, 1.0 n HCl with 225 mg. of zine dust; Curve 
II, 1.0N HCI with 165 mg. of zine dust; Curve ILI, 2.56 n HCI with 165 mg. 
of zine dust; Curve IV, HCOOH-HCI mixture of 7.0 ~ strength with 165 
mg. of zine dust; Curve V, 5.0 n HCl with 165 mg. of zine dust; Curve VI, 
7.0 ~n HCl with 165 mg. of zine dust. 


cystinuric urine the same relative volumes of urine and concen- 
trated HCI are then used. 

The choice of a suitable reducing agent caused a great deal of 
difficulty, inasmuch as every trace of it must be eliminated before 
the end of the heating pericd because of its adverse effect on the 
stability of the blue color. The complete removal of all traces of 
sodium bisulfite, sodium sulfite, sodium hydrosulfite (NaS2O,), 
and sodium cyanide, even after acidification and gentle heating, 
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could not be accomplished. The blue color of titanium trichloride 
interferes with the analyses, while magnesium and aluminum 
powder gave inconsistent results. 

The zine dust, aside from being a reducing agent which can be 
removed completely, appears to act in still some other manner, 
possibly as a condensation agent. If cystine is first reduced in 
acid solution by metallic zinc and the other reagents are then 
added, very little or no formation of a color with a maximum ab- 
sorption at 5800 A. oceurs. However, if ferric ion is present 
during the reduction, whether in the presence or absence of 
p-aminodimethylaniline, a maximum coloration develops, provided 
that an excess of ferric ion is present at all times during the heating 
period. The addition of a mixture of ferrous and ferric ions after 
the reduction of cystine with zine in the absence of the other 
reagents will not produce the same intensity of color as when the 
zinc acts in the presence of the other reagents. 

If conditions are kept similar, 2 moles of cysteine produce the 
same intensity in color in the presence of zinc as will 1 mole of 
cystine. 

While it is easier to prepare standard curves for cysteine from 
cystine, the former can be used successfully provided that the 
hydrochloric acid per mole of cysteine hydrochloride is neutralized 
and the solvent used is an oxygen-free acid of a strength and com- 
position equal to that of the unknown solution. The order in 
which the reagents are added becomes of great importance if the 
unknown contains cysteine. The addition of 2 ec. of the ferric 
ammonium sulfate solution prior to the introduction of the zinc 
will cause low results undoubtedly due to oxidation of cysteine by 
the ferric ion with the formation of higher oxidation products 
which do not give the color. If these precautions are adhered to, 
mixtures of cystine and cysteine will give theoretical values as 
shown in Table II. In the case of cystine the relative order of 
zinc dust and ferric ammonium sulfate addition does not matter. 

Beer’s law holds for concentrations of 0.01 to 0.20 mg. of cystine 
per | cc., as is evident in Fig. 1 where the mg. of cystine, in several 
acid solutions, are plotted against the extinction coefficients 
(—log T/l). While no work has been done to correct for a change 
in the slope if the 0.2 mg. limit is passed, it is felt that by an ap- 
propriate change in the amounts of reagents the usefulness of the 
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method could be extended to higher cystine concentrations. It 
must be borne in mind, however, that the wave-length at which 
maximum absorption occurs when the range of cystine concentra- 
tion is from 0.01 to 0.20 mg. per ec. (5800 A.) is determined by the 
relative light absorption of each of several colors of the reaction 
mixture (Fig. 2, Curve I). Thus, with 0.05 mg. of cystine per ce. 
the maximum is closer to 5765 A., while with 0.15 mg. of cystine 
per ce. the absorption is at 5800 A. It follows that with a further 
increase in cystine concentration the influence of the interfering 
colors upon the wave band of the blue color produced by cystine 


Taste II 


Determination of Total Cystine in Mixtures of Cystine and Cysteine 
(‘“Cystine’’ Procedure) 


Cysteine Total cystine 
Cystine 

Added wee = one Theoretica: Found Error 
mg. mg. mg. mg. mq. mg. 
0.18 0.179 0.01 0.189 0.194 +0.005 
0.14 0.139 0.03 0.169 0.159 —0.010 
0.10 0.099 0.05 0.149 0.145 —0.004 
0.06 0.059 0.07 0.129 0.122 —( .007 
0.02 0.019 0.09 0.109 0.113 +0 .004 
0.02 0.019 0.01 0.029 0.033 +-0.004 
0.02 0.019 0.02 0.039 0.0388 —0.001 
0.02 0.019 0.03 0.049 0.048 —0.001 
0.04 0.039 0.03 0.069 0.061 —0 .008 
0.04 0.039 0.04 0.079 0.081 +0 .002 


* Mg. of cystine equivalent to mg. of cysteine * 240/242. 


becomes more and more negligible. Consequently, the wave 
band at which maximum absorption occurs shifts into higher 
and higher values with increasing amounts of cystine, reaching a 
theoretical limit at the wave band of the pure compound. We 
have succeeded in obtaining small amounts of the blue compound 
in a relatively pure state with a maximum at 6550 A., as shown 
in Curve II of Fig. 2. Here, the influence of other colored im- 
purities has been practically eliminated, as is shown by the absence 
of other strong absorption maxima between 4000 and 7000 A. 
Consequently, if cystine analyses are to be made at concentrations 
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greater than 0.2 mg. per cc., the intensity of the color of the re- 
action mixture must be read at higher wave-lengths than 5800 A. 
A photoelectric colorimeter with suitable filters may be used 
instead of the spectrophotometer but, owing to the fact that the 
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Fig. 2. Absorption curves of (Curve I) the unpurified, and (Curve IT) 
the almost pure blue-colored compound produced by the interaction of 
eysteine and p-aminodimethylaniline. 


light wave-length band is so much broader when filters are used, 
the lowest cystine concentration that can be determined accurately 
becomes 0.05 mg. per cc., as in lower ranges the color of the blank 
becomes too pronounced. 
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Determination of Cysteine—The estimation of cysteine alone, 
even in the presence of cystine, can be accomplished readily by 
the following modification of the procedure for cystine, the reagents 
remaining the same. 

165 mg. of zine dust are added to a mixture of 3 cc. of dye solu- 
tion and 2 ec. of ferric ammonium sulfate in an 18 X 150 mm. 
Pyrex test-tube. The zinc is allowed to react with the acid for 10 
minutes at room temperature and is then brought completely into 
solution by immersion into boiling water for 15 to 35 minutes, 
care being taken that no zine adheres to the wall of the test-tube. 
The solution is cooled rapidly in cold water, and 1 cc. of the solution 
to be tested added, followed immediately by 3 cc. of the ferric 


Taste III 
Determination of Cysteine in Pure Solution and in Presence of Cystine 
(“Cysteine’”’ Procedure) by Means of Cystine Standard Curve 


Cysteine added Cystine* added Cysteine found Error 

mg. mg. mg. mg. 
0.20 0.203 +0.003 
0.07 0.069 —0.001 
0.01 0.014 +0 .004 
0.16 0.04 0.150 —0.010 
0.12 0.08 0.118 —0.002 
0.08 0.12 0.080 

0.04 0.16 0.040 


* Cystine should give no color, since it has not been reduced. 


ammonium sulfate. The mixture is then heated in boiling water 
for 45 minutes. The procedure outlined under the determination 
of cystine is followed from this point on. 

Typical cysteine determinations in the absence and in the pres- 
ence of cystine are given in Table III. It should be noted that 
zinc salts are apparently required for the formation of the blue 
color, which may account for the failure to develop a color when 
metallic magnesium and aluminum were tried for the reduction 
of eystine. The omission of zinc results in almost no color 
formation. 

As a check on the accuracy of these methods several proteins 
were analyzed for their cystine and cysteine content and these 
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findings compared with those previously published (Table IV). 
All proteins were hydrolyzed with 6.25 cc. of the HCOOH-HCl 


TABLE IV 


Cystine Content of Some Proteins As Determined by This Method, and As 
Reported by Other Workers 





Refer- 





Protein used* | Cysteine Cystine Methods usedt oo 
oO. 
| per cent per cent 
Casein (Hammarsten) 0.32 
0.30 P. (4) 
0.30 G.-M.-G. (4) 
0.30 F.-M. (5) 
| | 0.39 «| K-B. (6) 
Lactalbumin (Labeo No. 7- | 0.52 | 2.61} 
HAAX) 2.22 G.-M.-G. (7) 
| 2.84 8. § 
3.09 K.-B. (6) 
0-0.39 | 7 (8) 
Edestin (Difco) 1.18 
| | 114 | G-M-G. | @ 
| | 44g | P. (4) 
1.37 F.-M. (5) 
Insulin (crystalline zine insulin, | | 10.6 
Stearns No. 2487-K; 22 units 
per mg.) 
Amorphous insulin (Lilly No. | | 10.1 
W-1302) | | 12.7-13.3| P. (9) 
| | 11.6-12.6) 8. (9) 











* The two insulin samples were dried to constant weight in an Abder- 
halden drying pistol at the temperature of boiling toluene, while the other 
proteins were dried over P,O; in a vacuum desiccator. The cystine values 
reported by our method are based on a moisture- and ash-free (heated to 
600° in a muffle furnace) basis. 

+ P. = polarographic method; G.-M.-G. = copper precipitation method 
of Graff, Maculla, and Graff; F.-M. = phosphotungstic acid method of 
Folin and Marenzi; K.-B. = Kassell and Brand’s adaptation of the Folin 
and Marenzi method; 8. = Sullivan’s naphthoquinone method. 

} Cystine + cysteine. 

§ Supplee, G. C., private communication from The Borden Company, 
makers of the protein. 


mixture of Miller and du Vigneaud (3) for 18 to 20 hours in an 
oil bath maintained at 115-120° and were then diluted to 25 ce. 
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with 5 n HCl. The amount of protein hydrolyzed depended 
upon its cystine content and was so chosen that 1 cc. of the hy- 
drolysate contained from 0.01 to 0.2 mg. of cystine. It can be 
seen from Table IV that our values for casein, lactalbumin, and 
edestin agree well with those already reported. The cysteine 
content of our sample of lactalbumin (0.52 per cent) is somewhat 
higher than the values of 0 to 0.39 per cent reported by Kassell 
and Brand (8). They state, however, that different lactalbumin 
samples varied in their cysteine content. In the case of the two 
samples of insulin, our values are lower than those in the literature 
(9). The reason for this discrepancy is unknown. The sample 
of crystalline insulin from Frederick Stearns and Company (No. 
2487-K, potency 22 units per mg.) contained 1.11 per cent ash and 


TABLE V 
Recovery of Cystine Added to Edestin Hydrolysates 


Cystine in | Cystine 
edestin Cystine added |_ - . — 
hydrolysate _ Actual Found Error 
mg. mg. mg. mg. mg. 
0.058 
0.058 0.110 0.168 0.159 —0.009 
0.058 0.088 0.146 0.141 —0.005 
0.058 0.066 0.124 0.119 —0.005 
0.058 0.044 0.102 0.101 —0.001 
0.058 0.022 0.080 | 0.078 | —0.002 


5.92 per cent moisture, the latter being determined by drying a 
sample in an Abderhalden drying pistol at the temperature of 
boiling toluene, according to the recommendation of Miller and 
du Vigneaud (3). Sullivan and Hess (10) reported similar ash 
and moisture values for different insulin preparations. We ob- 
tained cystine values of 9.55 and 9.57 per cent for the zinc insulin 
sample when the protein was hydrolyzed in air, and values of 
10.60 and 10.66 per cent when oxygen-free nitrogen, saturated 
first by passage through the HCOOH-HClI mixture, was passed 
through the condenser during hydrolysis. While we have no 
information as to the method of crystallization in the preparation 
of our insulin sample, this factor should be of no consequence in 
this case, since Sullivan and Hess (10) have shown that different 
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methods of crystallization influence the cystine content of insulin 
only when 20 per cent HCl is used in the hydrolysis and not if 
HCOOH-HCI is employed. The amorphous insulin of Eli Lilly 
and Company (No. W-1302) contained 1.59 per cent ash and 7.32 
per cent moisture and gave values of 10.05 and 10.10 per cent 
cystine when hydrolyzed under nitrogen. Neither of the insulin 
samples gave any test for cysteine. 

As a further check on the accuracy of this method, recovery 
experiments are reported in Table V. It is evident from the 
values in the last column of Table V that when known amounts of 
cystine are added to an edestin hydrolysate the recovery of the 
added cystine is entirely satisfactory. 


DISCUSSION 


It is felt that the reactions involved in the formation of the 
blue compound are analogous to those occurring during the forma- 
tion of methylene blue from p-aminodimethylaniline and H,S, 
except that the end-product is a substituted benzothiazine (pos- 
sibly 3-carboxy-7-dimethylaminobenzothiazine) instead of a pheno- 
thiazine. If such assumptions are correct, then any aliphatic 
compound which contains a thiol group and a primary amine 
separated from each other by two —CH.— groups will give a 
positive test. The simplest compound fulfilling these require- 
ments is 2-aminoethanethiol. Homocysteine in which the thiol 
and amine groups are separated by three —CH.— groups and 
reduced glutathione in which the amino group is blocked by 
peptide linkage should give negative tests. The removal of the 
carboxyl group from cysteine, or its blocking off by ester or peptide 
linkage, should not produce an adverse effect on the formation of 
the blue color. Reduced glutathione and homocystine! were 
tested and do not give a blue color, while none of the other com- 
pounds named above was available for testing.? All of the more 


‘The homocystine was furnished through the courtesy of Professor 
Vincent du Vigneaud. 

* The conclusions regarding the specificity of this method have in the 
meantime been confirmed by Professor M. X. Sullivan, who very kindly 
informed me that ergothioneine, homocystine, reduced glutathione, and 
methionine give negative tests, while isocystine, cystineamine, /-cystinyl- 
diglycine, cystinyleystine, and S-carboxymethyleystine react positively. 
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common organic constituents of blood and urine as well as /- 
methionine, /-tyrosine, /-histidine, /-tryptophane, and dl-serine 
have given negative tests. 

As mentioned previously, the compound responsible for the 
blue color is labile towards reducing agents. Ascorbic acid or 
cysteine when added to an aqueous solution of the blue dye reduces 


TABLE VI 


Cystine Recoveries in Presence of Glutathione, Homocystine, Ascorbic Acid, 
and Tyrosine 

















Cystine added Radused hotetions Aapanenn qyetine | , 
i me. mg. mg. mg. 
0.110 0.690 0.065 —0.045 
0.110 0.552 0.071 | —0.039 
0.110 0.414 0.076 —0.034 
0.110 0.276 0.083 —0.027 
0.110 0.138 0.089 —0.021 

Momsayetine added 
0.110 0.40 0.070 —0.040 
0.110 0.32 0.076 —0.034 
0.110 0.24 0.083 —0.027 
0.110 0.16 0.095 —0.015 
0.110 0.08 0.102 —0.008 
Ascorbic acid added 
0.1 0.60 0.100 0 
0.100 0.36 0.100 0 
0.100 0.12 0.103 +0.003 
Tyrosine added 
0.094 0.60 0.093 —0.001 
0.094 0.36 0.094 0 
0.094 0.12 0.095 +0.001 


it to the colorless leuco compound. Addition of dilute HO, to 
the leuco base restores the blue color. If, however, an excess of 
strong H,O, is added instead of the dilute H,O,, the blue color is 
transient and changes into a yellowish red. No means of reducing 
this higher oxidation product back to the blue-colored one or to 
the leuco base has yet been found. 

When glutathione or homocystine is added to a cystine solution 
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of known concentration, low cystine values are obtained. In 
Table VI recoveries of cystine after the addition of known amounts 
of glutathione, homocystine, ascorbic acid, and tyrosine are re- 
corded. It is evident from the last column of Table VI that when 
the concentrations of homocystine and reduced glutathione become 
less than that of cystine the error tends to become negligible. 
When ascorbic acid or tyrosine is added to a cystine solution of 
known concentration (Table VI), the recovery of the cystine is 
quantitative within the error of the method, showing that these 
substances do not interfere. The formation of homocysteine 
from methionine during HI hydrolysis precludes the use of this 
reagent. 

The method appears to have an inherent error of +1 per cent 
with a maximum error of +6 per cent. Several hundred serum 
hydrolysates at 7 N acid strength, analyzed in triplicate in this 
laboratory, showed an average deviation from the mean of +3 
per cent, which, it is felt, is entirely permissible, considering the 
range of concentration for which the method is adaptable. 


SUMMARY 


Microcolorimetric methods for the estimation of cystine and 
cysteine are presented. They are based upon the development 
of a blue color by heating cystine or cysteine or both in acid solu- 
tion with p-aminodimethylaniline in the presence of ferric am- 
monium sulfate and determining the percentage absorption at 
5800 A. by aspectrophotometer. From 0.01 to 0.20 mg. of cystine 
or cysteine per ec. of solution can be estimated, with an average 
error of +3 per cent. 

The formation of the typical blue color appears to require a 
thiol group and a primary amine separated from each other by 
two —CH,.— groups as is found in cystine and cysteine. Reduced 
glutathione and homocystine do not react to give the blue color. 
However, they interfere with cystine analyses by apparently 
reducing the colored compound to its leuco compound. Ascorbic 
acid and tyrosine exert no such effect on the reaction, except that 
when the former is addedafter the blue color is formed, reduction 
of the color to the leuco compound occurs. 


The author is greatly indebted to Dr. M. L. Crossley for his 
helpful interest throughout the course of this investigation and to 
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Professor Howard B. Lewis for valuable suggestions and criticism 
in the preparation of this manuscript. 
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Although it is well established and generally known that po- 
tassium is necessary for the growth and development of the cell 
and the body as a whole, as well as for the proper maintenance of 
some of the chemical processes peculiar to protoplasmic activity, 
it is not yet known exactly how the dietary deficiency of the po- 
tassium ion affects the animal organism. There are a number of 
reasons why our knowledge of the functions of potassium in nutri- 
tion has not kept pace with our advancing knowledge along other 
lines. First, animals need comparatively little of this element in 
their food; secondly, the animal body contains considerable reserve 
supplies of the mineral elements which can be drawn upon in case 
of need, so that a deficiency of the food in certain ones of these 
nutrients is not at once made apparent by the behavior of the 
animal; and thirdly, most foods, though by no means all, even of 
our commonest ones, furnish as much of the mineral nutrients as 
animals need. 

The effect of potassium deprivation on animals has been re- 
ported by several investigators in recent years. Conclusive 
demonstration as to the dietary action of potassium is lacking, 
however. This is undoubtedly due, at least partially, to the 
difficulties encountered in preparing an adequate diet free from or 
sufficiently low in this element to furnish it in amounts below the 
minimum requirements. 

Osborne and Mendel (1) restricted rats to a diet containing 0.33 


* Aided by a grant from the Rockefeller Foundation. 

+ Present address, Foods and Nutrition Division, Bureau of Home Eéo- 
nomics, United States Department of Agriculture, Beltsville Research 
Center, Beltsville, Maryland. 
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per cent of potassium. Growth was somewhat retarded but the 
animals continued to gain slowly for over 300 days. Miller (2) 
reported very slow growth and an abnormal alertness as the two 
principal symptoms of rats fed a diet low in potassium. Leulier 
and Vanheims (3) found that young rats fail to grow and die in 
12 to 24 days when fed a diet lacking in this element. Schrader, 
Prickett, and Salmon (4) have also described the effects of potas- 
sium deprivation in rats. Their animals did not grow well. They 
became lethargic and showed progressive abnormal distension 
and cyanosis. These investigators reported extensive pathological 
changes in various tissues. Grijns (5) observed that young rats 
fed a ration containing 0.05 per cent potassium grew almost as 
well as rats on a normal diet abundant in this mineral element. 
When the diet contained 0.016 per cent of potassium, growth was 
somewhat retarded. Heppel and Schmidt (6) showed inhibition 
of growth by a lack of dietary potassium. Thomas, Mylon, and 
Winternitz (7), using a diet similar to Miller’s (2), reported loss 
of weight and lesions in the heart. 

Unfortunately the diets of these various investigators were 
obviously inadequate not only with respect to potassium but also 
other dietary essentials, particularly the vitamin B complex in 
case of a number of them. The investigation reported here was 
planned with a view of obtaining more data to provide a basis for 
judging the nature of the physiological response to dietary 
potassium. 

The procedure used in this study was one appropriate for this 
kind of experimentation; 7.e., the restriction of suitable experi- 
mental animals to a diet extremely deficient in the element to be 
studied, in this case potassium, but adequate in all other known 
essential nutrients. Several phases of the effect of potassium 
deprivation have been studied in the course of this experiment. 
These include symptomatology, growth, reproduction, metabolism, 
the mineral composition of a number of tissues, and the histology 
of all the tissues. 


EXPERIMENTAL 


‘The rats used throughout this study were the offspring of healthy 
animals reared in our laboratory on the McCollum stock diet. A 
total of 116 animals evenly divided as to sex was studied. Eight 
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of these were used for detailed nitrogen and mineral balance ex- 
periments. The rats were placed on the experimental diet at the 
age of about 25 to 28 days, when they weighed 35 to40 gm. Some 
of them were housed in groups of six, three males and three females 
in each group, and others were kept in individual cages. The 
‘ages were made of wire mesh with raised screened bottoms. Food 
and distilled water were allowed ad libitum to all the animals 
except those used for food consumption and metabolism studies. 
Food cups especially constructed so as to avoid contamination 
and loss of food were used. Waste of diet was therefore practically 
negligible. All the animals were weighed weekly. 

Preparation of Diets—During the process of devising a potas- 
sium-free diet, much time was spent in attempts to prepare a 
source of protein and concentrates of the vitamin B complex low 
in potassium. ‘The results obtained were far from satisfactory, 
because when these nutrients were freed of most of their potassium, 
upon biological assay they proved to be unsatisfactory sources of 
these dietary ingredients. Consequently it was decided to use a 
lactalbumin! of very high chemical purity, low in ash and high in 
nitrogen, and a low ash liver concentrate prepared by the Lederle 
Laboratories.2. The wheat gluten and gelatin were commercial 
products containing only traces of potassium. Unsalted “sweet 
cream” butter fat was melted and freed from most of its solid 
matter by filtering. Details for the preparation of the vitamin E 
concentrate have been described elsewhere (8). The potassium 
content of the diet (No. 186) deficient in this element was 0.01 
per cent and that of the control diet (No. 187) was 0.44 per cent. 
With the exception of potassium, the experimental diet was com- 
plete in all other respects. The composition of these diets and the 
salt mixtures used is given in Tables I and II. 

Metabolism—Four males and four females obtained from two 
litters were used for the balance studies, two rats of each sex being 
litter mates. The details of procedure and the analytical methods 
employed for this part of the experiment were similar to those 
described in a previous publication (9). 

Since it was found that rats on the potassium-low diet continue 

1 Obtained from the Harris Laboratories, Tuckahoe, New York. 

? Generously supplied by Dr. Guy W. Clark of Lederle Laboratories, 
Inc., Pearl River, New York. 
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TABLE I 
Composition of Experimental Diets 





Diet 186 Diet 187 
(K-deficient) (K-supplemented) 
i gm. | gm. a 9 
Wheat gluten 4.0 4.0 
Lactalbumin (high purity, low ash) 10.0 10.0 
Gelatin 1.0 1.0 
Salts 21 (K-free).. | 1.6 
** 22 (K-supplemented) 5.7 
Butter fat (unsalted, purified) 8.0 8.0 
Dextrose (Dyno) 69.4 68.3 
100.0 100.0 
Viosterol (Mead Johnson) 15 drops per kilo = 380 1.v. vitamin 
D per 100 gm. diet 
Thiamine chloride (Merck) 20 y per rat per day 
Liver concentrate (Lederle) = 3.5 gm. liver per rat per day 
Vitamin E concentrate 3 mg. per rat per day 
Tas_e Il 


Composition of Salt Mixtures 21 and 22 


Salts 22 


| Salts 21 (K-free) (K-supplemented) 

| gm. gm. 
CaCO; 1.080 1.080 
CaHPO,:-2H,0 , 0.720 0.720 
MgSO, 0.500 0.500 
NaH,PO,-H,O 1.140 1.140 
NaCl 1.240 .240 
FeSO,(N H,).S0,-6H,O 0.070 0.070 
CuS0O,-5H,O 0.025 0.025 
MnS0O,-4H,O 0.005 0.005 
ZnCl, 0.010 0.010 
Na.SiO,-9H,O 0.035 0.035 
Nal 0.00015 0.00015 


KCl. ; 0.850 


to live a long time and because of the considerable amount of 
labor involved in such a study, it was decided at the end of Period 
III that each period from then on would be of a month’s duration. 
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Period I represents 1 week on the diet, and Periods II and III, 2 
weeks each respectively. For the same reasons, also, the metab- 
olism experiment was terminated after the animals had been on 
the diet for 21 weeks. 

Reproduction—Both the males and females used in this study 
were started in groups in which litter mate brothers and sisters 
were present. Opportunities for mating were provided for all 
the females in the groups with males in the same group. Since 
there was no indication of pregnancy from their weights, the 
vaginal contents of the potassium-deficient females were studied. 
For a period of about 150 days vaginal smears were made daily to 
detect ovulation and mating. Following a lengthy period in which 
there was no evidence of mating or pregnancy, the potassium- 
deficient females were mated with stock males that were known 
to be potent. When these males were placed in the cages with 
the potassium-deficient females, they were kept there only for 
certain intervals, so that they did not have to exist for extended 
periods on the potassium-low diet. Daily vaginal smears were 
made on these females in order to gain more insight into their 
reproductive behavior with stock males. This part of the ex- 
periment was started about 19 weeks after they had been on the 
experimental diet and was continued for a period of about 6 weeks. 

In one group of seven females, observations were made to 
determine the time at which the vaginal orifice opened. When 
it was found that mating of the potassium-deficient rats was un- 
successful, the males as well as the females were studied further 
as to their reproductive behavior. First, the potassium-low males 
were subjected to test matings with normal young females from 
the stock colony. The estrous cycle of these females was studied 
by means of daily vaginal smears. When the female rats were 
found to be in the initial state of ovulation, they were caged indi- 
vidually with the potassium-low males. The potassium-depleted 
males were further tested for fertility by means of testicular smears. 

Preparation of Tissues for Chemical Analysis—Since the tissues 
from a single rat were insufficient for a complete analysis, they were 
pooled from groups of two to four animals. As soon as possible 
after removal from the body the fresh tissues were placed on a clean 
glass Petri dish cover, and as much as possible of the fat, tendon, 
etc., was dissected out, with care that all the tissues were handled 
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and treated in the same manner. The tissues were weighed and 
placed in a drying oven at 100° where they remained until constant 
weight was attained. The dried material was then ashed, ground 
to a powder, and stored. The analytical methods used in this 
part of the investigation were the same as those mentioned 
above (9). 

Histology—At the termination of the experimental period the 
animals were killed and autopsies performed. The tissues were 
examined for gross and microscopic changes. 


Results 


Symptomatology—The outward signs of potassium deficiency 
consisted of some roughening and thinning of the fur, a striking 
alertness, and a peculiar pica. The potassium-low rats exhibited 
an unusual curiosity; they appeared to be constantly “searching” 
and licking the different parts of the cage and its equipment. 
They were also continuously licking each other as well as their 
own genitals, especially immediately after urinating. Coprophagy 
was not observed. Deprivation of potassium does not appear to 
affect the span of life of these animals. No mortality occurred 
throughout the experimental period of 327 days. 

(Growth and W eight— Differences in growth between the deficient 
and control animals were evident. Growth was retarded, but 
there was no loss of weight. When the young rats were first 
placed on the potassium-low diet, there was a slow gain in weight. 
The deficient animals continued to gain weight for long periods 
of time but at a very slow rate. The animals did not decline in 
weight to extremes nor did they decline in health, as shown by 
their continuance to live. Animals were kept on this diet for 
as long as 327 days. Although growth was not optimum and 
definite pathological findings were observed, lack of potassium 
in the diet apparently does not affect length of life. The growth 
curves of animals on Diets 186 and 187 shown in Chart 1 indicate 
that deprivation of potassium influences the response in growth. 

Food Consumption—Studies designed for this purpose showed 
that from 70 to 75 per cent of the difference in weight gained by 
potassium-deficient and control animals can be accounted for by 
a decrease in the food intake of the rats on the experimental diet. 
Food consumption fell from 8 to 5 gm. per day. The water intake 
of the potassium-low rats was somewhat smaller for the first 3 
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weeks on the diet; the 4th week it was about 40 per cent lower 
than that of the controls, the 5th week about 30 per cent, and for 
the next 10 weeks it was practically equal. But the last 8 weeks 
of the experiment their water intake was about 15 per cent greater. 

Metabolism—The nitrogen and mineral balances of potassium- 
deprived rats and their controls are summarized in Table ITI. 
The animals receiving the potassium-low diet apparently stored 
about the same amount of nitrogen as the controls. Except for 
potassium and magnesium, the mineral retentions in the potas- 
sium-deprived rats were fairly much the same as those of the 
control group. Although the potassium intake of the experi. 
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Cuar? 1. Differences in growth of potassium-deficient and control 
animals. The curves for Group A represent the growth of rats fed the K- 
deficient diet ; those for Group B represent the growth of rats fed the control 
diet containing K. Rat 5 gave birth to two litters, indicated by the sharp 
drop in the curve. 


mental animals was extremely low, the deficient rats were still 
in equilibrium in respect to potassium. The most marked finding 
was the storage of magnesium which was more than 2.5 times as 
great as that of the controls. A negative chlorine balance was 
observed in the potassium-low rats. The chlorine intake of thé 
controls was greater than that of the experimental animals, owing 
to the fact that the potassium supplement in the control diet 
was added in the form of the chloride. But the chlorine content 
of the potassium-low diet was sufficient to meet the normal needs 
of the rat for this element (1). 

Reproduction —Pregnancy and reproduction did not occur among 
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the potassium-deficient rats. Sexual maturity was reached much 
later in the experimental animals than in the controls or normal 
stock rats. It was observed that the vaginas opened at a iauch 
later date than in the controls. In some, the orifice opened after 
7 weeks on the diet, in others after 9 weeks, in two other potas- 
sium-low rats between the 10th and 11th weeks, and in another 
it did not open until after the 15th week on the diet. As soon 
as the orifice opened, daily vaginal smears were made. The 
vaginal opening was dry and insertion of the glass rod or aspirating 
pipette was difficult even some time after the opening of the vagina. 
The estrous rhythm was disturbed. Ovulations even when initi- 
ated were very irregular and at a rate much below normal, some 
of the females having a markedly extended diestrum period of 
59 to 78 days, while others went for 61 days without ovulating. 
Even in those potassium-low rats in which the vagina opened at 
the normal time, the ovulatory performance was poor. This was 
found to be characteristic of all the potassium-deficient females 
whose vaginal contents were examined. 

Even several weeks matings of the potassium-low males with 
normal stock females did not result in pregnancy. Further evi- 
dence of sterility of the potassium-low males was indicated by the 
presence in the vaginal plug of spermatozoa that were abnormal 
in appearance or by the entire absence of spermatozoa from the 
vaginal contents. A marked testicular disturbance was observed 
in the males confined to this diet. Sperm motility tests made 
by means of smears of the contents from the cut surface of the 
epididymides of the rats receiving the potassium-deficient ration, 
furnished evidence of this condition. The spermatozoa seen in 
the smears were defective in appearance, some having large heads 
and others being headless. None was motile and their number 
was scanty. 

The control female rats ovulated at regular intervals, every 
4 to 5 days, and continued to do so throughout the experimental 
period. The vaginal orifice of these animals was established at 
about 74 to 76 days. The males exhibited normal testicular 
behavior. Reproduction was regular. The size of the litters and 
the offspring were normal. Two generations of rats were reared 
on the control diet. Further matings were not carried on. 

Tissue Composition—The data for the potassium, sodium, 
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calcium, phosphorus, and magnesium contents of several tissues 
of two groups of potassium-deficient rats are presented in Table 
IV. The animals of Group I were those used for the metabolism 
studies and, as stated above, they were paired. Consequently 
the food consumption of the deficient and control rats was ap- 
proximately the same. They had been on these diets for a period 
of 147 days. The rats in Group II were fed ad libitum and had 
been kept on the diets 212 days. 


TABLE IV 


Comparison of Mineral Content of Tissues of Rats on Diet Deficient in 
Potassium and Rats on Same Diet Supplemented with Potassium 


The values are expressed as average per cent on the basis of dry tissue. 
































Rat | Potassium Sodium Calcium Magnesium | Phosphorus 
Nor | ®—| Diet | Diet | Diet | Diet | Diet | Diet | Diet | Diet | Diet | Diet 
186 187 186 187 186 187 186 187 186 187 

- Heart | 1.30) 1.80) 0.20) 0.16) 0.07) 0.07) 0.05] 0.10) 0.88) 0.94 
Kidney | 0.99) 1.30) 0.49) 0.45) 0.09) 0.07) 0.07) 0.09) 0.98) 1.10 

Liver 1.10} 1.10} 0.17) 0.15) 0.02} 0.02] 0.07} 0.07) 0.97) 1.00 

Lung 1.40) 1.00) 0.56) 0.48} 0.14) 0.15) 0.06} 0.03) 1.00) 0.95 
Spleen | 3.40) 3.50) 0.25) 0.20) 0.01; 0.01; 0.08) 0.10 1.60) 1.50 
Muscle _ | 0.79) 1.20) 0.31} 0.14} 0.05) 0.07) 0.09} 0.09) 0.67) 0.69 

Bone 0.23) 0.20) 0.34) 0.33)18.00}20.00) 1.20) 0.94) 6.60) 8.00 

IIt Heart 1.30) 1.70) 0.27) 0.30} 0.08] 0.09) 0.07) 0.09} 0.90) 0.95 
Kidney | 0.95) 1.20) 0.57) 0.55) 0.08} 0.07) 0.07| 0.06) 0.97) 0.94 

Liver 1.20} 1.20) 0.20) 0.21) 0.02) 0.02) 0.08) 0.08} 1.00) 0.97 

Lung 0.97) 1.30) 0.67) 0.64) 0.11) 0.11) 0.06) 0.05) 0.93) 0.96 
Spleen 2.10) 2.60) 0.16} 0.21] 0.19} 0.18} 0.12) 0.08} 1.50} 1.30 
Muscle 0.86) 1.50) 0.54) 0.15) 0.04) 0.06} 0.11) 0.11] 0.85) 0.86 

Bone 0.21) 0.21) 0.27] 0.32/23 .00}17.00} 0.89) 0.76)11.00) 9.90 





* 147 days on the diet; paired feeding. 
+ 212 days on the diet; ad libitum feeding. 


The changes of greatest significance in the chemical composition 
of the tissues occurred in the potassium and sodium content of 
the muscle, heart, and kidney. There appears to be a marked shift 
between the sodium and potassium of muscle, the potassium- 
deficient rat showing a greater sodium than potassium content, 
which is just the opposite from that of the control animals. The 
potassium content of the heart of the deficient rats is about 30 
per cent lower and that of the kidney about 23 per cent lower. 
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The sodium in these tissues is slightly higher in the deficient 
rats. The potassium in the spleen of the deficient animals is 
somewhat lowered and the sodium slightly increased. The mag- 
nesium in the heart is considerably decreased in the potassium- 
deprived rats. The calcium content of the potassium-low muscle 
is lower and in the kidney it is somewhat higher. The phosphorus 
in the heart of the experimental rats is also lowered. 


DISCUSSION 


The results on the effects of potassium deprivation in the rat 
present several points of interest. First is the deleterious in- 
fluence of potassium deficiency on growth, which does not occur 
at a normal rate, as is shown in this study, and as has been also 
demonstrated by other investigators. The retardation in growth 
was not as marked in our animals as in those described by others. 
The greater loss in weight of the animals of other experimenters 
is probably due to causes other than lack of potassium. In a 
number of these experiments a double deficiency actually existed. 
Not only were their diets lacking in potassium but provision in 
the diet of the water-soluble vitamins, in particular, was inade- 
quate. The difference in food consumption between the experi- 
mental and control rats fed ad libitum cannot be the only explana- 
tion for the inhibition in growth, because in paired experiments 
in which the dietary intake was approximately equal, growth in 
the potassium-deprived rats was still inferior to that in the controls. 
Therefore lack of potassium appears to have a specific effect on 
growth. 

The animal body appears to be able to adjust itself readily to 
any tendencies toward potassium deficiency. The potassium-low 
rats were practically in equilibrium with respect to this element. 
Its mode of elimination appeared to be normal. As is well known, 
potassium is absorbed almost completely from the gastrointestinal 
tract and is excreted in the urine in combination with various 
acid radicals. The amount of potassium excreted in the feces 
while small was fairly constant. 

With the possible exception of magnesium and chlorine, the 
effect of continuous deprivation of potassium from the diet does 
not appear to influence the mineral balances of the rats fed this 
diet. In the case of magnesium, its retention by the deficient rats 
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appears to be consistently greater than that of the controls. As 
in the case of sodium deficiency (9) this may well represent com- 
pensatory retention for inadequacy of base in the form of po- 
tassium. 

Consideration of the negative chlorine balance in the potassium- 
low rats is complicated by the fact that the salt mixture used 
in the potassium-low diet contained only about half the amount 
of this element present in the salt mixture of the control diet. 
However, the chlorine content of the experimental diet was well 
above the minimum requirement of the rat as defined by Osborne 
and Mendel (1). Therefore this difference in the chlorine content 
of the two diets should not be of significance, particularly in view 
of the tenacious power of retention for chlorine possessed by the 
animal body, at least that of the rat. Nevertheless, the experi- 
mental animals showed a negative chlorine balance, whereas that 
of the controls was positive. At this point it may be of interest 
to note that Heppel (10) observed a marked reduction in serum 
chloride as a result of dietary potassium deficiency. He also 
observed a decrease in the level of chlorine in the liver of potassium- 
deficient rats. The excessive excretion of this ion might be ex- 
plained by the insufficiency of base to bind the chlorine present 
owing to the fact that potassium is present in such very small 
amounts. Under normal conditions, sodium, potassium, and 
magnesium are the mineral elements which combine with the 
chlorine. In potassium deficiency, even though there is retention 
of magnesium to compensate for the decrease in base, there is 
not enough base to take care of the chlorine available; consequently 
it is excreted, causing a negative balance of this element. 

The observations made in the nutritional study on fertility and 
reproductive ability of rats on the potassium-low diets would 
lead to the conclusion that potassium has a specific function in 
that phase of the nutrition of these animals, since the diet was 
adequate in all known nutrients essential in the process of repro- 
duction in rats and yet neither the males nor females functioned 
normally in this respect. However, it must be noted that the 
animals used for this part of the investigation were fed ad libitum. 
Since the food consumption of the deficient rats is not quite the 
same as that of the controls and since histological examination 
of the reproductive tissues of the rats in the paired feeding group 
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showed pathological changes in both the potassium-deficient and 
control animals,’ whereas in the case of the group fed ad libitum 
only the potassium-deficient rats showed these changes, the in- 
dications are that the disturbances in the fertility and reproductive 
behavior in the rats on the potassium-low diet are due to partial 
inanition rather than lack of potassium. 

The data on the mineral composition of the tissues of potassium- 
deficient rats obtained in the present study in general agree with 
the limited number of analyses of such tissues reported in the 
literature (10-12). It seems that not only is a particular mineral 
needed by the organism in sufficient amounts, but also it must be 
present in the right proportion in relation to other mineral ele- 
ments. The potassium content of muscles of rats on the diet 
deficient in this element is lowered. Eppright and Smith (11) 
noted that other ions influence the potassium composition of muscle 
more profoundly than potassium itself. According to them, some 
element other than sodium or potassium is essential to the preser- 
vation of the normal ratio of these two minerals in muscle tissues. 
Their results suggest that dietary calcium may be the element 
involved. They found that with a lower calcium intake the 
sodium content of muscle was high. They also noted that on 
potassium-low diets when the calcium intake is adequate the 
K: Na ratio in muscle tissue is greatly distorted. 

In Eppright and Smith’s diet the Ca: Mg ratio was not normal. 
Assuming that the proportion of calcium to magnesium in the 
organism bears some relation to the Na: K ratio in muscle tissue, 
the higher sodium and lower potassium values in the tissues of 
the rats on the potassium-deficient diet used in this investigation 
may be attributed to the increased retention of magnesium, giving 
rise to an altered Ca: Mg ratio in the animal body similar to that 
of the above experimenters. 

The potassium content of the heart muscle of the rats on this 
experiment, like that of skeletal muscle, is, although to a lesser 
degree, lower than that of the controls. The kidney of the po- 
tassium-deficient rats also contained a smaller quantity of po- 
tassium than that of the control animals. Considering the rdéle 


* Follis, R. H., Jr., Orent-Keiles, E., and MeCollum, E. V., unpublished 


results. 
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this element plays in the physiology of cardiac and voluntary 
muscle, it is quite remarkable that the animal organism is able to 
withstand deprivation of potassium for such a long period of time 
as in this study, with the heart and kidney injured to such a 
great extent, and still continue to live. 


SUMMARY 


The preparation of a diet composed of purified foodstuffs 
adequate in all respects but containing only 0.01 per cent potassium 
has been described. Rats on this diet present a number of char- 
acteristic outward signs, consisting of roughness and thinning of 
the fur, a striking alertness, and a marked pica. 

This diet permits growth but at less than the normal rate. 
There is no loss of weight at any time. It does not seem to affect 
the length of life. The food consumption of the potassium-low 
rats is somewhat less than that of the controls. The water intake 
is also different from that of the control rats. 

Estrous rhythm in rats on the potassium-low diet was disturbed. 
Ovulation was irregular and at a slower rate. Sexual maturity 
in potassium-deficient rats was delayed. In some cases there was 
cessation of estrus altogether. Testicular smears showed the 
spermatozoa to be defective in number, form, and motility. 
sreeding tests with both experimental and normal rats of known 
fertility resulted in repeated failure to mate. However, the 
histology of the tissues of paired rats and rats fed ad libitum in- 
dicates these changes to be due to partial inanition rather than 
potassium deficiency. 

Metabolic studies of the balance of nitrogen, calcium, phos- 
phorus, magnesium, sodium, potassium, and chlorine were carried 
on in both urine and feces. In spite of the low potassium intake, 
the deficient rats are in equilibrium with respect to this element. 
Changes were noted in the magnesium and chlorine balances. 
Magnesium storage was more than 2.5 times greater in the rats 
on the potassium-low diet. The chlorine balance of these ani- 
mals was negative. Tissue analyses showed that in the potassium- 
deprived rats potassium in the muscle is lowered and sodium is 
increased, which is exactly the opposite of the control tissues. 
The potassium is also lower in the heart and kidney. 
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According to Robinson (1) and to Kuhn and Meyer (2) the 
autoxidation of linseed oil and of other olefinic substances is 
catalyzed by hemin or hemoglobin. While carrying out such 
experiments in different solvents, we noticed a remarkable de- 
crease of the color, which at last totally disappeared. We found 
that hemin and hemoglobin are destroyed by linoleic and linolenic 
acids at 38° in the presence of air (Table I). Our experiments were 
carried out in Warburg vessels. The degree of the destruction 
of the catalyst was estimated by quantitative determination of 
the released inorganic iron ions or by colorimetric measurement 
with the benzidine test, by a slightly modified Wu method (3). 

Previous experiments had shown that hemin is efficient as a 
catalyst only in the heterogeneous system of an oil-water emulsion, 
in the interface film between the water and oil phase (4). No 
hemin catalysis had been observed in the clear homogeneous 
solution of linoleic acid in glacial acetic acid, in dioxane, or in 
pyridine. Therefore, in the present experiments we used emul- 
sions of the fatty acids in dilute acetic acid. But in specially 
designed experiments we found that hemin and hemoglobin are 
destroyed also by the turbid colloidal solutions of sodium linolate 
at pH 6.8 and 38°; 7.e., under nearly ‘physiological conditions” 
(Table II). 

Experiments with different fatty acids demonstrate that only 
linoleic or linolenic acid is able to destroy a remarkable percentage 
of hemin. The following acids produce a very feeble destruction 
or are quite inefficient: stearic, caproic, caprylic acid; crotonic, 
undecenoic, oleic; sorbic, 2-octynoic, and stearolic. In all these 
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experiments a much smaller amount of oxygen was absorbed than 
in the experiments with linoleic and linolenic acids. This indicates 
that the destruction of hemin is coupled with the autoxidation of 
the unsaturated acids (Table ITI). 

Since inorganic iron ions were formed during the destruction 
of hemin, the question arose whether these ions were catalytically 
effective. Our experiments demonstrate that the catalytic ef- 
ficiency of iron ions is insignificant in comparison with equivalent 
amounts of hemin (see below). 

In the first 2 hours of the catalyzed autoxidation linoleic acid 
absorbed 1 molecule and linolenic acid 2 molecules of oxygen; 
then the velocity of the reaction decreased (Table [V). The initial 
quick reaction is due presumably to an oxidative saturation of 
the double bonds and formation of peroxides. Since for each 
absorbed mole of oxygen no more than 0.1 mole of carbon dioxide 
was formed (Table V), only a small amount of organic substance, 
probably hemin, was really burned. 

The oxygen absorption rate of linoleic acid in the presence of 
hemin was not altered by the addition of glucose or fructose, nor 
by protein. Hence the ‘‘linoleic acid + hemin”’ system is in- 
efficient as hydrogen acceptor for these biological substrates. 

Hemin is easily destroyed by hydrogen peroxide (5). We 
presume therefore, that hemin is destroyed in the experiments 
described above by the intermediate formation of fatty acid perox- 
ides. Bingold (6) has shown that “‘pentdyopent,” a dihydroxy- 
pyrromethene (7), is formed after hemin or hemoglobin is split 
by hydrogen peroxide. But in the decolorized emulsions of our 
tests we found neither pentdyopent, urobilinogen, nor any one 
of the well known bile pigments. Apparently hemin is split into 
smaller molecules. 

If hemin was substituted by lactoflavin or by methylene blue, 
neither increase of the oxygen absorption nor destruction of the 
dyes was observed. This confirms our view, according to which 
both reactions are coupled to each other. 

Our results seem to have some physiological significance. They 
indicate first of all that hemin and hemoglobin, under physiological 
conditions, might be split to other substances than bile pigments 
and pentdyopent, a fact which must be taken into consideration 
in experiments on the metabolism of hemoglobin. Furthermore, 
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it seems possible that the indispensability of linoleic and linolenic 
acids (8, 9) is connected with their capacity to destroy hemin and 
hemoglobin. 


EXPERIMENTAL 


The main compartment of conical Warburg vessels (15 to 18 
ml.) contained the fatty acid and the solvent or emulsifying agent; 
a separate chamber carried a piece of filter paper with 0.2 ml. of 
50 per cent KOH and a side vessel contained the catalyst. We 
used as catalysts hemoglobin (a 2.5 per cent solution of crystallized 
guinea pig hemoglobin), hematin (1 mg. of chlorohemin in 1 ml. of 
0.1 Nn NaOH), and pyridinehemin (1 mg. of chlorohemin in 1 ml. 
of pyridine). The vessels were put into a water bath at 38°. 


TaBLe I 
Destruction of He min and Hemoglobin by Linoleic Acid 














Fatty acid Catalyst i abeorption | Inorganic iron SS ~ 

| ¢.mm, Y per cent 
Linoleic | He mnagiobia | 351 5.7 65 
Oleic | 17 0.6 8 
Linoleic |  Hematin 371 8.8 100 
bs 56 0.45 5 


Oleic. . “a 
After 20 minutes the gas volumes became constant. Now the 
side vessels were tilted and shaking was begun (¢ = 0 minute). 

Estimation of Hemin or Hemoglobin Destruction—With the aid 
of 5 ml. of methanol we poured the contents of each Warburg 
vessel into a test-tube. To 0.2 ml. of the solution or the homo- 
genized emulsion we added 1 ml. of 1 per cent benzidine in glacial 
acetic acid and 0.5 ml. of 3 per cent hydrogen peroxide. 15 
minutes later the solution was diluted with 5 ml. of methanol and 
the extinction of the solution determined with the aid of a Pul- 
frich photometer, having color filter No. 8-53. By comparing the 
benzidine tests before and after shaking, we could roughly estimate 
the amount of catalyst destroyed. 

Determination of Ionized Iron—The contents of the Warburg 
vessels were poured on a small filter, washed with small amounts 
of 2 n sulfuric acid, and the filtrate was brought to a volume of 
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5 or 10 ml. with the same acid. Iron ions were determined in 
this solution according to Kennedy’s procedure (10). In the 
experiments with hemoglobin traces of the protein passed into 
the first filtrate. Therefore, 0.2 ml. of 10 per cent sodium tung- 
state was added and the filtration repeated. 

Destruction of Hemin and Hemoglobin by Emulsion of Linoleic 
Acid~—Each Warburg vessel contained a solution of 0.01 ml. 
of fatty acid in 0.2 ml. of glacial acetic acid and 0.5 ml. of water, 
and the side vessels each 0.1 ml. of the catalyst (= 8.8 y of iron) 
and 0.9 ml. of water. Inorganic iron was determined after 150 
minutes shaking (see Table I). 

Neither oxygen absorption nor destruction of the catalyst was 
observed when the mixture of water and acetic acid was replaced 
by pure glacial acetic acid, pyridine, or dioxane. 


TaBie II 
Destruction of Hemin and Hemoglobin by Linolate 























Soap | Catalyst Pn | Inorganic iron Pn 

¢.mm. | Y per cent 
Linolate Hemoglobin | 187 4.4 50 
" Hematin 984 7.5 85 
Oleate. ae Hemoglobin | 72 0 0 
sae nen’ Hematin | 41 0.3 3 








Destruction of Hemin and Hemoglobin in Neutral Solutions of 
Linolate—1 ml. of the fatty acid was neutralized by NaOH against 
phenolphthalein and diluted to 50 ml. Each Warburg vessel con- 
tained 1.2 ml. of these 2 per cent soap solutions, 1.5 ml. of 0.2 m 
phosphate buffer mixture, pH 6.8, and 0.3 ml. of hematin or hemo- 
globin. Table II indicates the oxygen absorption and the amount 
of inorganic iron determined after 150 minutes shaking. 

Comparison of Different Fatty Acids—Each of the main vessels 
contained a solution of 0.01 ml. of the fatty acid in 0.2 ml. of glacial 
acetic acid and 0.5 ml. of water; the side vessels carried 0.1 ml. 
of hematin or pyridinehemin. After 150 minutes shaking the 
amount of catalyst present was estimated by the benzidine test 
(Table III). 

Catalysis by Iron Salts—Each main vessel of the Warburg 
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flasks contained 0.1 ml. of a 5 per cent solution of linoleic acid 
in glacial acetic acid and 0.5 ml. of water; the side vessels contained 
increasing amounts of ferrous ammonium sulfate in 1.1 ml. of 10 
per cent acetic acid. The vessels were shaken 150 minutes. 
With 0, 0.01, 0.03, 0.1, 0.3, and 1.0 mg. of ferrous salt, 51, 46, 67, 
95, 110, and 93 c.mm. of oxygen were absorbed. 

Addition of Glucose, Fructose, and Protein—Each main vessel 
contained 0.1 ml. of a 5 per cent solution of linoleic acid in pyridine, 
0.5 ml. of 0.2 m phosphate buffer, pH 6.8, and 0.5 ml. of a 2 per 
cent solution of the substrate in water. The oxygen absorption 
after 150 minutes shaking was (a) 306 c.mm. with glucose, (6) 























TABLE III 
Destruction of Hemin and Hematin by Unsaturated Fatty Acids 
Oxygen absorption Destroyed catalyst 
Fatty acid Ts ee wT With 

| Without With bade : Pyridi 

| sata hanatie —- Hematin = 
; c¢.mm.,. c.mm, c.mm. per cent per cent 
Linolenic st 99 620 949 100 100 
9,11-Linoleic 75 =| 444 678 100 100 
9,12-Linoleie 2 | Bs 460 100 100 
Oleic oe Me 4 33 0 0 
Undecenoic¢ 16 22 51 31 65 
Sorbic | 66 28 165 0 0 
2-Octynoic | 5 | 0 56 S| 0 
Stearolic 6 | WW | 2 | 0 0 





129 c.mm. with fructose, (c) 292 ¢.mm. with sheep serum pseudo- 
globulin, and (d) 252 c.mm. in the control (7.e., 0.5 ml. of distilled 
water). 

Determination of Oxygen Absorption—Each main vessel of the 
Warburg flasks contained 0.1 ml. of a 5 per cent solution of linoleic 
acid or a 2.5 per cent solution of linolenic acid in glacial acetic 
acid + 0.5 ml. of water. 0.1 ml. of pyridinehemin + 0.8 ml. of 
water was put into the side vessel. The results are shown in 
Table IV. 

The same result was obtained when dioxane was substituted 
for acetic acid. 

Determination of Carbon Dioxide Production—0.1 ml. of a 5 
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per cent solution of linoleic acid in glacial acetic acid + 0.5 ml, 
of water was placed in the main vessels, and 0.1 ml. of hematin 
+ 0.8 ml. of water + 0.1 ml. of 3 per cent acetic acid in the side 
vessels. In one experiment ((b) Table V) the separate chamber of 
the main vessel contained no KOH, which had been added through- 
out all experiments for absorption of carbon dioxide. Hence the 


TaBie IV 
Oxygen Uptake by Linoleic and Linolenic Acids in Presence of Hemin 


Oxygen absorption, | 
¢.mm. and mole Oz 30 min. 60 min. 90 min. 120 min. 180 min. 240 min. 
per mole fatty acid 


Linoleic acid 


C.um.. | 277 304 | 455 | 494 552 558 
Mole 0.66 | 0.94 1.08 1.18 | 1.32 1.40 


Linolenic acid 


a 161 247 384 432 492 533 
Mole.... 0.77 1.17 1.84 2.06 2.35 2.54 


TABLE V 


Carbon Dioxide Production in Presence of Linoleic Acid and Hematin 


| 
| Decrease of gas volume 


Experiment ~ 
| 30 | 6 | 120 180 240 
min. | min. | min. | min. min. | min. 
c¢.mm. c.mm., c¢.mm. | ¢.mm. c¢.mm. c.mm., 
With KOH (a)... ee 181 230 266 334 393 
,, 2. ) ee 121 | 177 211 238 275 322 
CO, production (a) — (6)........ 0 4 19 28 59 | 71 


difference (a) — (b) corresponds approximately to the volume of 
carbon dioxide (Table V). 

Similar results were obtained when linoleic acid was replaced 
by linolenic acid or when dioxane was used as solvent instead of 
glacial acetic acid. 

Experiments with Methylene Blue and Lactoflavin—0.2 ml. of a 
5 per cent solution of linoleic acid in glacial acetic acid + 0.5 ml. 
of water was placed in the main vessel and in the side vessel 1.0 
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ml. of 0.01 nN NaOH, containing (a) 0.1 mg. of methylene blue, 
(b) 0.1 mg. of lactoflavin, and (c) no substrate (control). The 
oxygen absorption in the control, owing to the autoxidation of 
linoleic acid, was 49 c.mm. after 120 minutes shaking. In experi- 
ment (a) 34 c.mm. and in (b) 37 c.mm. of oxygen were absorbed. 
Colorimetric determination of the dyes before and after shaking 
indicated that no destruction had occurred. 


SUMMARY 


The well known catalytic effect of hemin or hemoglobin on the 
autoxidation of linoleic or linolenic acid is coupled with a destruc- 
tion of both pigments. In the course of this reaction inorganic 
iron ions are released. But neither porphyrins nor the well 
known bile pigment derivatives were found as cleavage products. 
Since hemin and hemoglobin are destroyed by unsaturated fatty 
acids and oxygen in neutral solution at 38°, the physiological 
importance of this reaction is discussed. 
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THE UTILIZATION OF ACETONE BODIES 
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OF 8-HYDROXYBUTYRIC ACID UTILIZATION BY THE RAT 
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Department of Biological Chemistry, University of Cincinnati, Cincinnati) 


(Received for publication, April 25, 1941) 


In a recent communication, Wick and Drury (1) report data 
which led them to conclude that the utilization rate of acetone 
bodies by rabbits is dependent on the concentration in the blood. 
The utilization rates were computed by subtracting the urinary 
excretion of 8-hydroxybutyric acid from the amount of this sub- 
stance injected intravenously and then making a correction for the 
change in concentration of the substance in the tissues of the body. 
During the course of various experiments on the utilization of 
acetone bodies, we had occasion to study the relationship between 
the concentration of acetone bodies in the tissues and their rate of 
utilization by the nephrectomized rat. 

The procedure employed consisted essentially in the intravenous 
injection of 8.4 mm of sodium -hydroxybutyrate per kilo of 
animal, and the subsequent analysis of the whole animal for acetone 
bodies at various intervals of time after the injection. The tech- 
nical procedures that were employed are described in detail in 
previous reports (2). The determination of the concentration 
of acetone bodies of a series of animals sacrificed 20 minutes after 
the injection permitted the estimation of the amount of acetone 
bodies which disappeared during this interval of time. The con- 
centration in these rats also served as the initial concentration 
for the determination of the utilization during the next 20 minutes 
in a second group of animals sacrificed 40 minutes after the injec- 
tion. Likewise, the second group served as controls for the de- 
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termination of the utilization during the next 40 minutes in a group 
sacrificed 80 minutes after injection, and the latter for a fourth 
group sacrificed 160 minutes after injection. By this approach 
it was possible to correlate the initial concentration of acetone 
bodies in the tissues with their rate of utilization. 

In order to correlate the concentration of acetone bodies in the 
blood with their rate of utilization in the tissues, it became neces- 
sary to determine the distribution of these substances. In Table I 
are detailed the data of experiments designed to correlate the con- 


TABLE | 
Acetone Body Distribution between Blood and Tissue of Rats 


Acetone bodies 


Rat Weight Ratio, 


Tissue Blood i x 100 

gm. mM per kg. ma per l. 
A 173 5.56 12.6 44.1 
B 161 5.12 12.1 42.4 
Cc 152 6.28 12.6 50.0 
D 148 5.72 13.3 13.0 
F 170 8.61 19.0 45.3 
G 158 9.27 19.5 47.5 
H 155 8.95 15.6 57.2 
163 9.22 19.4 47.5 
J 144 9.64 17.9 53.9 
Average ’ ; 47.9 


* Corrected to include acetone bodies in the blood used for analysis. 


centration of acetone bodies in the blood and tissues. Based on 
the assumption that the concentration of acetone bodies in the 
tissue fluids is the same as that in the blood, these experiments 
indicated that the acetone bodies were distributed in a volume of 
liquid equivalent to approximately 50 per cent of the body weight. 
This relation between the blood and tissues made possible the 
estimation of the rate of utilization at different blood concentra- 
tions of acetone bodies. 

Fig. 1 depicts the data obtained with 60 fed, nephrectomized 
female rats. Each point refers to the average concentration of 
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acetone bodies of from ten to twenty rats plotted against the 
average utilization rates of these rats. On the basis of the dis- 
tribution data mentioned above, the blood concentrations can 
be computed and plotted accordingly. From such analysis, it 
is obvious that the concentration of acetone bodies in the organism 
plays a réle in the utilization of these substances up to a con- 
centration of approximately 5 mm per kilo of body weight or a 
blood concentration of approximately 10 mm per liter when the 
utilization rate is approximately 7 mm per kilo of body weight per 
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Fic. 1. The relation between the concentration of acetone bodies in 
blood and tissues, and the rate of utilization by the tissues. 


hour. Beyond this point, the concentration does not influence 
the utilization rate to the same degree. 

These observations in the rat are in complete accord with those 
of Wick and Drury for rabbits, and of Friedemann (3) and Dye 
and Chidsey (4) for dogs. They indicate the probability that 
in most species the utilization of acetone bodies increases with a 
rising concentration in the blood and tissues until some maximum 
is reached, when the utilization rate levels out to a plateau. The 
high utilization rates suggest that the formation of acetone bodies 
serves as an important pathway for the oxidation of fatty acids 
and for the provision of energy in the peripheral tissues. 
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SUMMARY 


The concentration in the blood and tissues determines the rate 
of acetone body utilization. Beyond a blood acetone body con- 
centration of approximately 10 mm per liter, the rate of utilization 
is but slightly increased by further elevation. 
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Earlier experiments in this laboratory (1) showed that the 
administration of 100 mg. of glycocyamine to rats by stomach 
tube produced a small and transitory increase in the creatine 
content of the liver, as determined by the method of Rose, Helmer, 
and Chanutin (2). Compared to the changes in the kidney, the 
increases in the liver seemed unimportant and accordingly it was 
deduced that the liver plays an insignificant réle, if any, in crea- 
tine production. 

A different interpretation of these results is now possible in the 
light of Baker and Miller’s demonstration (3) that the creatine 
content of rat liver amounts only to about 16 per cent of the total 
chromogenic material. Therefore, what were thought to be small 
increments probably represented several fold increases in “true” 
creatine. This was recognized by Borsook and Dubnoff (4) who, 
in discussing our work, pointed out that, although we failed to 
recognize the function of the liver as a site of creatine formation, 
our experimental results supported their demonstration in vitro 
of the conversion of glycocyamine into creatine by rat liver slices. 

Unpublished experiments with nephrectomized rats completed 
in 1936 revealed increases in the “creatine’’ content of the liver 
much above the levels attained in normal controls receiving similar 
quantities (100 mg.) of glycocyamine. A report of this evidence 
of the liver as a site of glycocyamine methylation was delayed 
because publication of Miller and Dubos’ bacterial method for 
creatine (5) suggested a more adequate approach to the problem. 
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In passing it may be noted that the importance of glycocyamine 
as a precursor of creatine has been confirmed by the recent isotope 
studies of Bloch and Schoenheimer (6). 


EXPERIMENTAL 


In the present series of experiments, the method of Miller and 
Dubos (5) was used to determine creatine in urine, and that of 
Miller, Allinson, and Baker (7) for the analysis of tissues. Glyco- 
cyamine was determined in urine according to Weber’s method 
(8), and in tissues by a modification of this method, as previously 
described (1). 

The method for glycocyamine depends on its adsorption by 
Lloyd’s reagent, elution with barium hydroxide, removal of the 
barium by precipitation as sulfate, removal of interfering sub- 
stance by permutit, and application of the Sakaguchi reaction to 
the final filtrate. Loss of glycocyamine due to adsorption by 
permutit is minimized if dry reagent is used. Recently, Minot and 
Frank (9) found that when pure solutions of glycocyamine were 
shaken with different samples of permutit varying amounts of 
glycocyamine were adsorbed. This loss appeared to be related to 
the state of hydration of the reagent. Relatively large amounts 
of glycocyamine were adsorbed when freshly washed or incom- 
pletely dried permutit was used, but no loss occurred with per- 
mutit which previously had been dried to constant weight at a 
high temperature. 

Rats of approximately similar weight (250 to 300 gm.) were 
divided into three groups of eight, each animal being placed in 
a separate metabolism cage. Food was withheld for 24 hours 
before the experiment (administration of glycocyamine, etc.) 
was begun. Nephrectomy was performed 16 hours before the 
experiment. Each group of eight was subdivided as follows: 
two nephrectomized and two non-nephrectomized rats received 
100 mg. of glycocyamine in 5 cc. of water by stomach tube; two 
nephrectomized rats and two non-nephrectomized rats received 
a similar volume of water. One group of eight was sacrificed at 
the conclusion of 6 hours, a second group at 12 hours, and the third 
group at 24 hours. The contents of the intestinal tract were 
combined with the feces excreted during the experimental period 
(6 to 24 hours) and analyzed for creatine and glycocyamine. 


























see 








Bodansky, Duff, and McKinney 367 


Similar analyses were made of the liver of all rats and of the urine 
of the normal controls. 


Results 


Glycocyamine Recovered in Alimentary Tract—Of the 100 mg. 
of glycocyamine fed by stomach tube, approximately one-fourth 
was recovered from the gastrointestinal tract, including the feces, 
of both the normal and nephrectomized rats at the conclusion of 
6 to 12 hours. At the end of 24 hours, the glycocyamine recovered 
was 11 mg. for the nephrectomized rats and 14 mg. for the con- 
trols. It is appreciated that the glycocyamine thus recovered 
may have represented not only the unabsorbed glycocyamine, but 
also some which may have been reexcreted into the intestinal tract. 

The intestinal contents of normal rats, subjected to the ana- 
lytical procedure for glycocyamine, yield a small amount of a 
substance which gives the Sakaguchi reaction. About 0.5 mg. of 
“glycocyamine”’ was thus recovered from the alimentary tract and 
feces of the normal rats, while in the nephrectomized rats used as 
controls (no glycocyamine fed), the amount of “glycocyamine’”’ 
increased from 0.9 mg. at 6 hours to 1.8 mg. at 24 hours. 

Urinary Excretion of Glycocyamine in Control Rats—In the non- 
nephrectomized rats 9 mg. of the glycocyamine were excreted 
during the first 6 hours, 44 mg. during 12 hours, and 52 mg. during 
24 hours. Combining these amounts with those recovered from 
the alimentary tract of the corresponding animals and subtracting 
the sum from 100 mg. gives the amounts which remain to be ac- 
counted for in the two groups of rats which were fed glycocyamine. 


Control Rats 


6 hr. group ..100 — (26+ 9) = 66 mg. 

a” - 100 — (23 + 44) = 33 “ 

ee OF. ean ds ate dale tema mae ....100 — (14 + 52) = 34“ 
Nephrectomized Rats 

6 hr. group a7 rv ..100 — (22 + 0) = 78 mg. 

i. a a ee veeeseesse... 100 — (22+0) = 78 “ 

~~ ede at a PR ceeeeeeeese s+ 100 — (11 +0) = 89 “ 


Glycocyamine in Liver—Previous work under similar experi- 
mental conditions disclosed that the increase of glycocyamine in 
muscle is insignificant, compared to the increases in liver and 
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kidney; indeed the amounts which appeared in the muscle were 
too small for accurate quantitative determination. Furthermore 
there was no significant change in the creatine content of the 
muscle. In view of these results, the emphasis in the present paper 
is placed on the changes in the liver. 

In the normal and nephrectomized rats which received no 
glycocyamine, none was found in the liver. In the normal controls 
fed glycocyamine, an average of 2.1 mg. was recovered from the 
liver at 6 hours (25 mg. per 100 gm. of tissue). By the 12th hour 
all but a trace of the glycocyamine had disappeared. On the 
other hand, in the nephrectomized rats the glycocyamine rose from 
an average of 3.3 mg. at 6 hours (51 mg. per 100 gm. of liver tissue) 
to 5.2 mg. (70 mg. per 100 gm. of tissue) at 12 hours, and then 
declined to 3.1 mg. at 24 hours (44 mg. per 100 gm. of liver tissue). 

Creatine in Liver—Normally the liver contained an average of 
0.3 mg. of creatine. This corresponded to 3.52 mg. per 100 gm. of 
tissue and to 15 per cent of the total chromogenic material. In 
the normal rats fed glycocyamine the creatine content of the liver 
showed a temporary rise. At 6 hours it was 1.4 mg., at 12 hours 
0.6 mg., and at 24 hours 0.2 mg. These figures were equivalent, 
respectively, to 16.8, 9.0, and 2.7 mg. per 100 gm. of liver. The 
first two of these values, which are distinctly above normal, indi- 
cate the conversion of glycocyamine into creatine in the liver and 
its transitory storage in this organ, normally. 

In the rats without kidneys the creatine content of the liver 
increased progressively from 1.7 mg. (27 mg. per cent) at 6 hours 
to 3.4 mg. (45 mg. per cent) at 12 hours and 5.0 mg. (78 mg. per 
cent) at 24 hours. However, the accumulation of creatine oc- 
curred also in the nephrectomized rats which had not received 
glycocyamine. From an average of 1.4 mg. (22 mg. per cent) 
at 6 hours, the creatine rose to 3.0 mg. (35 mg. per cent) at 24 
hours. This progressive increase was due, obviously, to the 
retention of creatine and creatinine, and, as Chanutin and Silvette 
(10) have suggested, indicates the effort on the part of the or- 
ganism to excrete this material by way of the alimentary tract. 

It should be stated that in the nephrectomized rats there was 
relatively little accumulation of chromogenic material, other than 
creatine and creatinine. Though the creatine content in the liver 
normally amounted to about 15 per cent of the total chromogenic 
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substance, it rose in some experiments (nephrectomized rats, fed 
glycocyamine) to over 80 per cent of the total. 

Urinary Excretion of Creatine and Creatinine—The administra- 
tion of 100 mg. of glycocyamine to non-nephrectomized rats in- 
creased the urinary excretion of creatine and creatinine. The 
extra excretion during 24 hours represented 8.0 mg. of the glyco- 
cyamine fed. 

Excretion of Creatine and Creatinine into Alimentary Tract— 
The occurrence of creatine in the intestinal contents and feces of 
the rat even during a period of fasting, preceded by a diet devoid 
of creatine, supports the contention that excretion of this sub- 
stance into the alimentary tract occurs normally. 

Analysis of 24 hour specimens of feces yielded values averaging 
2.2 mg. of total creatine. Intestinal contents extracted with 
physiological saline or water in the cold and combined with the 
feces yielded values averaging about 5 mg. In normal rats, fed 
glycocyamine the total creatine in the intestinal contents and 
feces amounted to 11 mg. at 12 hours, but at 24 hours only 6.5 
mg. were present. 

It was expected that more creatine would be found in the 
intestine if renal excretion were abolished. However, the recovery 
of total creatine in the nephrectomized rats at 12 hours was 12.5 
mg., or only slightly more than that present in the normal rats. 
At 24 hours, 11.5 mg. were recovered. In view of the continued 
production of creatine and the absence of the kidneys, these results 
led us to suspect that creatine and creatinine may have continued 
to be excreted into the alimentary tract but were partly destroyed 
by the bacterial flora present therein. This conjecture was sub- 
stantiated. Rat feces, or washings of the intestine, were added to 
0.2 m solutions of creatine or creatinine and incubated at 37° for 
12 hours or longer. The rate of decomposition of the creatine or 
creatinine varied somewhat in different experiments, but was 
usually rapid, as illustrated in Fig. 1. No destruction occurred in 
the presence of sufficient toluene, or when boiled or autoclaved 
feces or intestinal contents were used. 

The bacteria inhabiting the rat’s intestinal tract and responsible 
for the decomposition of creatine and creatinine are evidently not 
identical with the soil bacilli isolated by Dubos and Miller (11). 
Preliminary experiments indicate that these microorganisms may 
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be similar to those found by Twort and Mellanby (12) in human 
and cat feces and in intestinal contents. These investigators 
reported that of several microorganisms possessing the property 
of destroying creatine the most effective proved to be a Gram- 
positive bacillus. Though a strict anaerobe, it was capable of 
destroying creatine rapidly in the presence of aerobic bacilli of the 
colon group, because the latter removed any oxygen present in the 
medium. As in the experiments of Twort and Mellanby with 


M 


0.2 





0.0 
12 24 48 


Hours 
Fig. 1. Curve illustrating the decomposition of 0.2 mm of creatine in 100 
cc. of asuspension of rat feces (24 hour collection). The same curve applies 
to the results of a concurrent experiment with 0.2 mo of creatinine as the 
substrate. 


human fecal bacteria, several organisms from rat feces, obtained 
in pure culture, proved to be incapable of destroying either creatine 
or creatinine. 

Nearly 30 years ago, Twort and Mellanby emphasized the neces- 
sity of considering the action of intestinal bacteria in interpreting 
the results of creatine feeding experiments. This point seems to 
have been forgotten or ignored by most if not all students of 
creatine metabolism. Moreover, it appears from the experiments 
here reported that appreciable quantities of creatine and creatinine 
are excreted into the alimentary tract, there to undergo a variable 
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amount of destruction. Alimentary excretion and bacterial de- 
struction of creatine and creatinine in the intestine are factors 
which hitherto have received practically no attention in investiga- 
tions of creatine metabolism. 


SUMMARY 


Ividence is submitted in support of the view that the conversion 
of glycocyamine into creatine occurs in the liver. 

In tracing the fate of glycocyamine in normal and nephrecto- 
mized rats, we found that significant amounts of creatine are 
excreted into the alimentary tract, and that the intestinal contents 
and feces contain bacteria capable of decomposing both creatine 


and creatinine. 
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SPECTROPHOTOMETRIC STUDIES 


Vil. THE ESTABLISHMENT OF PRECISE SPECTROPHOTOMETRIC 
CONSTANTS FOR CYTOCHROME C AND HEMIN DERIVA- 
TIVES, UPON AN IRON BASIS* 


By DAVID L. DRABKINt 


(From the Department of Physiological Chemistry, School of Medicine, 
University of Pennsylvania, Philadelphia, and the Department of 
Physiological Chemistry, the Johns Hopkins University, 

School of Medicine, Baltimore) 


(Received for publication, April 26, 1941) 


In establishing spectrophotometric constants! for hemoglobin 
and its close derivatives Drabkin and Austin (1) used the deter- 
mination of oxygen capacity by the method of Van Slyke and 
Neill (2) as an independent analytical procedure, and took ad- 
vantage of the ease of quantitative conversion of these hemoglobin 
derivatives to cyanmethemoglobin, a relatively stable compound 
with a characteristic spectrum providing a valuable accessory 


* Preliminary reports upon this work have been presented at the Kighth 
Summer Conference on Spectroscopy and Its Applications at Cambridge, 
July, 1940, and at the Scientific Meetings of the National Academy of 
Sciences at Philadelphia, October, 1940. Abstracts of the reports have 
appeared (J. Optical Soc. Am., 31, 70 (1941); Science, 92, 455 (1940)). 

t Fellow of the John Simon Guggenheim Memorial Foundation in the 
Department of Physiological Chemistry, the Johns Hopkins University, 
School of Medicine. 

1 As used in these studies the term spectrophotometric constants may be 
defined as extinction coefficients, e, at 1 mm concentration, for a depth of solu- 
tion of 1 cm., in spectral regions characteristic of the solution measured 
(maxima or minima of absorption). The conditions of measurement should be 
reproducible, and should include calibration by use of a reproducible standard 
(1), a specified spectral interval, and a sufficient number of analyses upon in- 
dependent preparations of the substance studied. In these studies the refer- 
ence concentration of 1 mm per liter was chosen for convenience, and 1 mM 
is taken as equal to 1 mm of iron. Constants as defined here may be con- 
verted to molar extinction coefficients, in terms of iron, by multiplying 
them by the factor 10°. 
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standard (3). Reliable constants could not be established jn 
earlier studies of hemochromogens (4), which are typified by such 
compounds as pyridino ferri- or ferroprotoporphyrin and_ the 
naturally occurring catalyst of cellular oxidation-reduction proec- 
esses, cytochrome c. Such substances do not form reversible 
compounds with oxygen, making unavailable oxygen capacity 
measurement as an independent technique. In solution with 
evanide ferrihemin and many ferrihemochromogens (but not oxi- 
dized cytochrome c) have been found by the writer (5) to yield 
absorption spectra very similar to that of cyanmethemoglobin, 
but, in the absence of a reliable independent method of standardiza- 
tion, it was thought unjustifiable to consider interchangeable the 
« (c = 1 mm per liter, d = 1 cm.) values for cyanide derivatives 
of ferrihemins and ferrihemochromogens with the accurately 
established constants of cvanmethemoglobin (3). Another reason 
for concern was the fact that, in contrast to hemoglobin and its 
close derivatives, hemin and cytochrome c had to be prepared by 
relatively stringent chemical procedures. In the case of the latter 
pigment in particular it appeared probable that in most studies 
one would have to be content to work with preparations which 
fell short of ultimate purity, represented by an iron content of 
0.43 per cent. Theorell and Akesson (6) obtained some cyto- 
chrome c of this purity from a preparation with 0.34 per cent 
iron, previously considered pure (7, 8) by resort to successive 
electrophoreses in a Tiselius apparatus at pH 10.5 and at pH 7.3. 

Under these circumstances the establishment of reliable spectro- 
photometric constants for cytochrome c and hemin derivatives 
appeared to call for at least two things: (1) a sufficient number of 
completely independent preparations of the pigment studied, and 
(2) an independent technique for the determination of total pigment 
concentration. For the latter the determination of iron was 
undertaken. 


Methods 


Determination of Iron—-Fe in micro samples of cytochrome c 
and various hemin preparations was determined as the ferrous 
o-phenanthroline complex by the photometric method described 
in the succeeding paper (9). The precision of the method has 
been found to be equal to our best performance in the measure- 
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ment of the absorption spectra of hemoglobin and its close 
derivatives (1, 3). 

Spectrophotometry —The solutions were measured in 1 em. cu- 
vettes, with a Bausch and Lomb spectrophotometer, the spectrom- 
eter having been recently recalibrated for correct wave-length 
adjustment by means of both a mercury vapor lamp and a helium 
Pliicker tube. The only deviation from our earlier technique 
(1, 3) was the use of a narrower eyepiece aperture, limiting the 
optical field so that it included a spectral interval of 1.5 to 2 mu 
instead of 3 mu at each wave-length setting. During the last 
few years the writer has accustomed himself to making measure- 
ments under these conditions, obtaining precise values in remeasure- 
ments of such absorption spectra as that yielded by didymium 
glass (Corning glass filter No. 512). Owing to the fact that each 
measurement represents the effect of integration over the spectral 
area covered by the eyepiece aperture, it is evident that, with 
substances whose spectra have very sharp maxima and minima, 
narrowing of the spectral interval will tend to increase the value 
of extinction at the maxima and decrease the extinction at the 
minima, producing an increase in ratio of maximum (peak) to 
minimum (trough). In the ease of didymium glass this effect 
‘an be demonstrated readily. In the case of solutions, other factors, 
such as very slight, unrecognized turbidity, may produce aberrant 
effects which obscure the influence of spectral interval. With 
solutions such as those of cytochrome ¢ and pyridino ferroproto- 
porphyrin the very narrow spectral interval employed is at least 
partly responsible for the unusually high ratios of maxima to 
minimum which are reported here. 

Preparations of Cytochrome c—Six preparations of cytochrome c 
were studied, and the constants are based upon the data from five 
of these preparations. Preparation 1, made by Dr. Hugo Theorell 
of the Nobel Biochemical Institute, Stockholm, served as the stand- 
ard.2. The other preparations were made for the writer by the 


? The writer is indebted greatly to Dr. Theorell for generously supplying 
him with this sample and certain data upon it. It was made by Theorell’s 
earlier method (7). The analyses supplied were the following: Purity, on 
the basis of 0.43 per cent Fe, = 66.7 per cent. From this the iron content 
is calculated to be 0.287 per cent. Cl = 3.51 per cent, Na = 1.59 per cent, 
and H,O = 2.7 per cent. 
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method of Keilin and Hartree (8), or suitable modifications 
thereof. 

As judged from the purity, Preparation 1 represents the main 
adsorbed fraction before further purification in Theorell’s method 
(7). The aqueous solution used for spectrophotometry had a 
concentration of 0.1017 mm per liter, based upon the assumption 
of 1 mole of Fe in a molecular weight of 13,000 or 0.43 per cent of Fe 
in the pure compound (6), and a pH, measured by a glass electrode, 
of 5.25. NaS.O, was used as a reductant. Approximately 2 mg. 
of the solid were added to a volume of 2.2 cc. of the oxidized pig- 
ment solution contained in the cuvette, 1 em. in depth, employed 
in the studies. After the cuvette was sealed, the reductant was 
dissolved by gentle shaking, and about 10 to 15 minutes allowed 
for complete mixture and reduction before spectrophotometric 
analysis. The concentration of reductant in the solution therefore 
approximated 5 mm per liter. While reduced cytochrome ec, in 
the pH range of these studies, is not autoxidizable (8), it is unique 
in this regard in comparison with most other nitrogenous deriva- 
tives of ferroporphyrins, so that the above technique of using 
solid hydrosulfite (dithionite) in a cuvette sealed from air has been 
adopted as a general procedure. The same approximate concen- 
tration of reductant was used in all cases. 

Preparations 2 and 3 were made by Keilin and Hartree’s pro- 
cedure (8) of eluting the pigment from minced beef heart muscle 
with 0.15 n CCl;COOH, treatment with (NH,).SO, after neutraliza- 
tion, and precipitation by further addition of CCl;COOH, under 
controlled pH conditions in a refrigerator. The method (8) was 
carried to the completion of the stage of dialysis in a Visking sac‘ 
against | per cent NaCl in a refrigerator. The pigment, brought 
to a dry state after the above steps, is contaminated mainly with 
NaCl, and, according to Theorell and Akesson (6), with inert 


’ Preparations 2, 3, 4, 5, and 6 were made for the writer by The Wilson 
Laboratories, Chicago, under the supervision of Dr. David Klein. Prepara- 
tion 3 was made to order. The others were generously furnished during the 
course of thisstudy. It is pleasant to thank this concern for its cooperation 
and interest in making good preparations of cytochrome c available. 

‘ Dialysis in Visking sausage casing, according to Dr. D. Klein, is pre- 
ferable to dialysis in a cellophane sac, usually employed for this purpose, 
since in contrast to cellophane the Visking casing does not adsorb cyto- 
chrome c in dialysis against distilled water. 
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(colorless) protein impurities. The purity is 50 to 60 per cent 
(see data, Table III), or somewhat lower than Theorell’s primary 
product. The yield of dry pigment of this quality is of the order 
of 1 gm. per 13.5 kilos of tissue (representing about twelve beef 
hearts). The yield appears to be materially lower than that 
reported by Keilin and Hartree (8), although there isa little doubt 
as to the interpretation of their figures, which may represent 
“pure” material in solution rather than the isolated dry product. 
The spectrophotometry was carried out upon an aqueous solution 
of Preparation 2, whose concentration was 0.0776 mm per liter 
upon an Fe basis, pH 4.92. The concentration of Preparation 
3, used for study, was 0.0514 mm per liter upon an Fe basis and 
the pH of the solution was 4.10. 

Preparation 4 was carried through the same procedure as 
Preparations 2 and 3, but was prepared by reextracting the muscle 
mince after it had been subjected to the original extraction which 
had yielded Preparation 3. The solution examined spectrophoto- 
metrically had a concentration of 0.0302 mM per liter upon an 
Fe basis and a pH of 4.31. 

Preparation 5 represents a product obtained in further purifica- 
tion of Preparation 3. The dry pigment was dissolved and di- 
alyzed in a Visking sac against dilute ammonia (approximately 
0.18 per cent), according to the directions of Keilin and Hartree 
(8). Dialysis was continued, with changes in the outside liquid, 
until the dialysate gave no test with AgNO, for chloride. Am- 
monia was removed from the pigment solution in vacuo and the 
pigment reprecipitated by the addition of several volumes of 
acetone, a procedure employed by Theorell (7). The recovery 
of dry pigment was approximately 90 per cent. The pigment 
lacked the homogeneous appearance of all the other preparations. 
When an aqueous solution of the pigment was made up, a colored 
insoluble residue representing 2.7 per cent of the total dry weight 
was separated, so that this factor had to be considered in correc- 
tion of the analyses performed upon the dissolved material. The 
solution used for spectrophotometry had a pH, measured by a 
glass electrode, of 7.51 and a concentration of 0.0602 mm per liter 
upon an Fe basis. 

Preparation 6 proved to be the purest product and represents 
a purification of 1.2 gm. of Preparation 3 by a repetition (with 
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modifications) of the original steps in the Keilin and Hartree (8) 
procedure. The cytochrome c was dissolved in water and the 
pH adjusted to 7.0 by addition of NaOH. Ammonium sulfate 
was added to a concentration of 50 per cent, and the solution 
filtered. After further addition of ammonium sulfate, the solution 
was allowed to stand in the refrigerator overnight and was then 
centrifuged while cold, and precipitation accomplished by addition 
of 1/40 volume of 20 per cent trichloroacetic acid, bringing the 
pH to 3.7. The precipitate was collected by centrifuging and was 
washed with saturated ammonium sulfate. The precipitate was 
then dissolved in a small quantity of distilled water and dialyzed 
in a Visking sac at 4° against distilled water for 6 days, with 
changes in the outside liquid until the test for sulfate was negative. 
After completion of dialysis, the pigment solution was centrifuged, 
and the eytochrome ¢ precipitated by addition of 4 volumes of 
acetone. The pigment was washed with cold acetone and dried 
in a vacuum desiceator. 0.39 gm., with an Fe content of 0.342 
per cent (purity of 79.6 per cent), was recovered from the original 
1.2 gm. of pigment. It may be calculated that | gm. of cyto- 
chrome ¢ of this purity would require, when prepared by this 
method, approximately 41 kilos of tissue (thirty-six beef hearts). 
The solution subjected to spectrophotometry had a pH of 4.45 
and a concentration of 0.0570 mm per liter upon an Fe basis. 

Hemin Preparations—Protohemin was prepared from washed 
dog erythrocytes by the method of Drabkin and Austin (4). 
Sample | is a preparation made in 1933 by the writer. Sample 2 
was made in 1940 by Miss Marie E. Perkins. ‘The nature of the 
other protohemin preparations used will be described elsewhere. 
The sample of mesohemin was supplied by W. Mansfield Clark, 
and was prepared and studied by Davies (10). The sample of 
coprohemin was synthesized by Curt Porter in the laboratory of 
W.M. Clark. The spectrophotometry in all cases was carried out 
upon the respective reduced pyridine derivatives. The Fe con- 
centration of the solutions approximated 0.08 to 0.085 mm per liter, 
the concentration of alkali (KOH) and redistilled pyridine being 
respectively 0.0835 mm per liter and 6.15 m per liter (50 per cent 
by volume). 
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Results and Comment 


Table I gives the calibration check of the wave-length setting 
of the spectrograph. The values remained practically constant 
during the course of the work and were rechecked periodically. 
Fig. 1 shows the influence of the spectral interval upon the ex- 
tinction data obtained for substances with narrow absorption 
bands. With the Bausch and Lomb spectrophotometer narrow 
spectral intervals of the order of 1.5 mu were employed. With the 


TABLE I 
Calibration Check of Wave-Length Setting with Mercury Vapor Lamp (Cooper 
Hewitt Electric Company, Lab-Arc) and Helium Pliicker Tube 


Mercury vapor lamp Helium Plicker tube 
Wave-length Wave-length accepted Wave-length ‘Wave-length accepted 
determined as standard (11) determined as standard (11) 
mu mu mu mu 

690.8 690.75 706 .6 706 . 52 

623.4 )23 .44 667 .9 667.81 

578.7 579 .07 587.2 587 . 56 

576.6 576.96 504 .9* 

546.2 546.10 501 .3* 

491.0 491.60 491.9 492.19 

436.0 435.83 470.9 471.31 

404.5 404 .66 447.4 447.15 


* These lines are probably due to the presence of some hydrogen and 
argon in the Pliicker tube used. Hydrogen has lines at 505.51 and 501.35 my, 
while argon has lines at 504.9 and 501.72 mu. 


Hardy recording spectrophotometer® a broad interval of the order 
of 10 mu was employed. The effect of integration, previously 
mentioned, over the spectral area covered by the eyepiece aperture 
is brought out. These data are presented, since the positions of 
maxima in the cytochrome c spectrum differ slightly, and the ratios 
of maxima to minimum of absorption differ greatly in our data 
from those previously reported (7). 


° The writer is indebted to Professor A. C. Hardy of the Massachusetts 
Institute of Technology for carrying out this determination upon his ap- 


paratus (12). 
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Table II gives « (ce = 1 mm per liter, d = 1 cm.) values, upon an 
Fe basis, for the reduced pyridine derivatives of proto-, meso-, and 
coprohemin, and reduced cytochrome c Preparation 1. In all 
cases the values are for the two maxima (of the a and 8 bands) 
and the minimum between them in the green spectral region. 

These hemin derivatives, so called hemochromogens, may be 
described by the nomenclature suggested by the writer (5) as z- 
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fraction of unity. Curve 1 (solid line), from data with the Bausch and 
Lomb spectrophotometer, with a spectral interval of 1.5 my; Curve 2 
(broken line), from transmission data with the Hardy recording spectro- 


photometer, with a spectral interval of the order of 10 mg. 


pyridino ferroprotoporphyrin, z-pyridino ferromesoporphyrin, and 
x-pyridino ferrocoproporphyrin, where z stands for the prefix mono- 
or di-, and is probably the latter. This nomenclature is similar to 
that proposed by Clark, Taylor, Davies, and Vestling (13). It is 
to be noted that the e values are significantly higher and the ratios 
of maxima to minimum are much greater than those reported 
previously for similar derivatives (4). The use of appreciably 
narrower spectral intervals would produce changes in extinction 
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in the direction though perhaps not in the magnitude found in 
the present measurements. Since our earlier measurements (4), 
care has been taken in carrying out studies upon derivatives of he- 
min to use only freshly prepared solutions of the latter. Alkaline 
solutions of protohemin, which have stood for several days (even 
at refrigerator temperature), have been found by the writer to 


Tasie Il 
e(c = 1 MM per Liter, d = 1 Cm.), Based upon Determination of Fein 
Corresponding Hemins and Oxidized Cytochrome c Preparation 1 








j | | | 
| 





. P P } | fa eB Fe a 
Hemin derivative Wave-length € = <m | content® Purityt 

= a Ses) ee ee ~ | 
my | per cent |per cent 


| | 
z-Pyridino ferroproto- | 558 (a)t 31.05 | 
porphyrin Sample 1 540 (m) 9.19 | 3.38 | 1.79 | 8.41 | 98.1 
| §25 (8) 16.42 | 
| 558 (a) 31.40 
| 540 (m) | 9.12 | 3.44 | 1.77 | 8.42 | 98. 
| 525 (8) | 16.15 | 
z-Pyridino ferromeso- | 547 (a) 33.25 | 





Sample 2 


to 


porphyrin | §32 (m) 8.77 | 3.79 | 2.15 | 8.37 | 98.2 

| §18 (8) | 18.87 | 

z-Pyridino ferrocopro- | 547 (a) 32.20 | 
porphyrin 532 (m) 9.49 | 3.39 | 2.05 | 7.07 | 94.2 

518 (8) 19.42 | 

Reduced cytochrome ¢ | 552 (a) | 26.00§ | 
Preparation | | §35 (m) 7.40§ | 3.51 | 2.10 | 0.292 | 67.9 


522 (8) 15. 54§ | 





* Average of two analyses. 

+ Purity in per cent of theoretical Fe content for pure preparation. 

t a, maximum of the @ band, 8, maximum of the 8 band, m, minimum, 
with a spectral interval of 1.5 to 2 mu. 

§ Corresponding values, calculated from Theorell’s 8 x 10‘ coefficients 
(7) by multiplying by the factor 4.343, are 28.10 at 550 my (a), 10.22 at 540 my 
(m), and 16.90 at 520 mu (8), yielding the very low ratios of 2.75 (€/em) 
and 1.65 (eg/em). 


yield appreciably lower ¢ (c = 1 mm per liter, d = 1 cm.) values 
for their reduced pyridine derivatives. The ¢ values and ratios 
reveal a closer similarity of the absorption spectrum of cytochrome 
c to that of z-pyridino ferromeso- and zx-pyridino ferrocopropor- 
phyrin than to that of z-pyridino ferroprotoporphyrin. Owing to 
the difference in the wave-length locations of the respective a and 
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8 bands and the difference in magnitudes of ¢€ values, the use of 
dipyridino ferromesoporphyrin as an accurate standard for the 
determination of cytochrome c (Hill and Keilin (14)) may be a 
questionable procedure. By means of the e (ce = 1 mM per liter, 
d = 1 em.) values in Table II for cytochrome ¢ Preparation | 
(Theorell’s preparation), the percentage of Fe in the other cyto- 
chrome ¢ preparations may be calculated. Table III shows a 
remarkable agreement between such calculated values and the 
Fe content, determined by the method employed (9), in all the 
cytochrome ¢ preparations, except Preparation 5. The agreement 
of calculated values, based on the visible absorption spectrum of 


Taste III 
Comparison of Fe Content Calculated from Spectrophotometric Data upon 
Pigment Solutions, with « (c = 1 MM per Liter, d = 1 Cm.) Values for 
Cytochrome c Preparation 1 (Table II) As Basis, with Fe Content 
Determined Directly As Ferrous o-Phenanthroline 


ai. Fe content calculated Fe content determined Purity* 


per cent per cent per cent 
2 0.262 0.260 (1)f 60.5 
3 0.221 0.221 (3)t 51.4 
4 0.129 0.130 (3) 30.2 
5 0.279 0.259 (1) 61.9 
6 0.341 0.342 (2)t 79.6 


* Purity in per cent of the theoretical Fe content of 0.43 per cent for the 


pure preparation. 
+t The number of analyses, which were averaged, are given in parentheses. 


the pigment, with the determined Fe content not only serves as 
a valuable check upon the method for iron, but could only be 
possible if the pigment solution were free of contaminants absorb- 
ing light in the visible spectral region. It may also be inferred 
with safety that agreement of such calculated and determined 
values in five independent preparations indicates that these prepa- 
rations were free of contamination with non-cytochrome iron. 
The departure from agreement with Preparation 5 was not unex- 
pected, since this preparation contained an insoluble impurity 
and ¢ values upon the solution (Table IV, Preparation 5) suggest 
cither the presence of inapparent turbidity or perhaps the presence 
of some slightly denatured cytochrome ce. 























D. L. Drabkin 383 


Table IV presents the e (¢ = 1 mM per liter, d = 1 cm.) values, 
based upon the determination of Fe, for the six independent prepa- 
rations of cytochrome c. The values of Preparation 5 are thrown 
out in computing the averages, which yield the spectrophotometric 
constants defined as in foot-note 1. These constants are considered 
to be reliably established, and differ from earlier corresponding 
values reported by Theorell (7) and Junowicz-Kocholaty and 
Hogness (15), particularly in the appreciably greater ratios of 


TaBLe IV 


Spectrophotometric Constants and Ratios of Maxima to Minimum for 
Cytochrome c, upon an Fe Basis 


} Cytochrome c preparation No. | Constantst 
Wave- = fa § | LJ § 
length } | l€ 
| 2 a] 4/5 | ‘ en s.p.t | ith knee 
- — | | — 
mu €* | é €* i ee } + 


552 (a)|| (26.00)/26.4526.15 25 .95|26.74/25.98) 26.11) 0.21 + 0.07, 
535 (m) 7.40) 7.47, 7.43) 7.32) 7.87, 7.35) 7.39, 0.06 + 0.02) 3.53} 2.09 
522 (8) 15.54 15.53 15.49 15.33/16 3115.48) 15.47) 0.09 + 0.03) | 


*«(c = 1 mo per liter, based on the Fe determination, d = 1 em.). 
+ In the calculation of constants the average of the individual e (c = 1 


mM per liter, d = 1 em.) values are taken, the values for Preparation 5 


being excluded. 
ts.p., the standard deviation, = Vd?) (n—1). The figures after the 
+ represent the standard error of the standard deviation = s.p./Y 2n. 
§ Ratios of maxima to minimum are calculated from the constants. 
In Preparation 5, excluded from the averages, they are slightly low, 3.39 and 
2.07, in comparison with all the other preparations. 
a, maximum of thea band, 8, maximum of the 8 band, m, minimum, the 


spectral interval being 1.5 to 2 mu. 


maxima to minimum (foot-note to Table I]). The use of nar- 
rower spectral intervals and more critical evaluation upon an 
iron basis in the present work are probably among the factors 
responsible for the differences reported. It is evident from the 
data in Tables III and IV that preparations of cytochrome c, 
with an Fe content even as low as 30 per cent of the theoretical, 
give excellently reproducible absorption data in the visible spectral 
region. As far as visual absorption spectra are concerned the 
impurities may be considered as ‘“spectroscopically inert.”’ 
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The writer desires to express his appreciation to W. Mansfield 
Clark for the stimulus and insight to the approach of precise 
physical measurements gained from him during the course of 
this work. 


SUMMARY 


Reliable « (¢c = 1 mm per liter, d = 1 em.) values, upon an Fe 
basis, have been obtained for z-pyridino ferroproto-, x-pyridino 
ferromeso-, and z-pyridino ferrocoproporphyrin (so called re- 
duced pyridine hemochromogens). 

With cytochrome c preparations, Fe calculated from the ab- 
sorption spectra of the pigment solutions and Fe determined as 
ferrous o-phenanthroline by the method adapted for this purpose 
(9) agreed within 0.5 per cent in five out of six preparations. The 
preparation in which such good agreement was lacking was in- 


ferior. 
. . ad 
Preparations of cytochrome ¢ which showed excellent agree- 
ment of their « (¢ = 1 mm per liter, d = 1 em.) values, had Fe 


contents which varied from 30.2 to 79.6 per cent of the theoretical 
value of 0.43 per cent. 

Reliable spectrophotometric constants for cytochrome c, upon 
an Fe basis, have been established from data upon the five ac- 
ceptable independent preparations of the pigment. 
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SPECTROPHOTOMETRIC STUDIES 


VIII. THE MICRODETERMINATION OF IRON IN CYTOCHROME 
C AND HEMIN PREPARATIONS* 


By DAVID L. DRABKINt 


(From the Department of Physiological Chemistry, School of Medicine, 
University of Pennsylvania, Philadelphia, and the Department of 
Physiological Chemistry, the Johns Hopkins University, 

School of Medicine, Baltimore) 


(Received for publication, April 26, 1941) 


The method for iron to be described has been developed primarily 
for the determination of iron in micro quantities of such materials 
as cytochrome c and hemins. A high order of accuracy was re- 
quired, since the analysis for iron was to serve as the basis for the 
establishment of spectrophotometric constants for these substances 
or their derivatives. Iron in such organic complexes has been 
determined in the past by other procedures, such as the thiocyanate 
method of Kennedy (1), the titanous sulfate titration procedure 
of Klumpp (2), which is very similar to the method of McFarlane 
published earlier (3), and the dipyridyl] method of Hill (4) and 
Hill and Keilin (5). The titanous sulfate titration and thiocyanate 
procedures, when applied respectively by Davies (6) and the 
writer (7) to the determination of Fe in hemins, have been found 
laborious and wasteful of material. In each method about 400 
times greater size of sample was required than in the present 
technique. The accuracy claimed for the determination of Fe in 
cytochrome preparations by the dipyridyl method was of a rela- 


* Preliminary reports upon this work have been presented at the Eighth 
Summer Conference on Spectroscopy and Its Applications at Cambridge, 
July, 1940, and at the Scientific Meetings of the National Academy of 
Sciences at Philadelphia, October, 1940. Abstracts of the reports have 
appeared (J. Optical Soc. Am., $1, 70 (1941); Science, 92, 455 (1940)). 

t Fellow of the John Simon Guggenheim Memorial Foundation in the 
Department of Physiological Chemistry, the Johns Hopkins University, 
School of Medicine. 
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tively low order (5), particularly when judged from the standpoint 
of using the iron content as the basis for establishing precise 
spectrophotometric constants (8). 

It has been recognized since 1898 (9) that ferrous iron coordinates 
with o-phenanthroline to form a colored complex. This reaction 
is utilized in the present method, which is an outgrowth of several 
modifications of an unpublished procedure very kindly supplied 
to the writer by Dr. Otto Schales of the Peter Bent Brigham Hos- 
pital. Dr. Schales’ method is similar to that published recently 
by Barkan and Walker (10), who modified slightly procedures 
published earlier (11-13). In the modified method to be described 
Fe is liberated from micro samples of cytochrome c or hemins in 
alkaline solution by means of hydrogen peroxide. After the 
removal of peroxide and adjustment of pH, the liberated Fe is 
reduced by means of ascorbic acid, and then converted into the 
stable, colored complex of ferrous o-phenanthroline, which is de- 
termined photometrically. All of the steps in the procedure may 
be carried out conveniently in test-tubes, practically with as great 
precision as that attained in the measurement of the absorption 
spectra of hemoglobin and its close derivatives (14). 


Method 


In the case of cytochrome ¢ preparations, 5 to 10 mg.' samples 
are ample for iron analysis. The sample is dissolved by the addi- 
tion of 10 cc. of redistilled water. Water redistilled in glass ap- 
paratus is used throughout in making up the reagents and standard, 
etc., to reduce the color of the blank to a minimum. In the case 
of hemin preparations the practice has been to weigh out samples 
of 5 to 10 mg. These samples are transferred quantitatively to a 
volumetric flask of 50 cc. capacity and dissolved and brought to 
volume with 0.169 m NaOH or KOH. (This odd concentration of 
alkali is merely due to the fact that our reagent was made from 
approximately 1 mM concentration by dilution of 1:6.) 2 ec. of the 
above hemin solution are measured by pipette for each analysis. 


1 Usually, however, samples of the order of 20 mg. of cytochrome c were 
made up in 20 cc. of redistilled water. This permitted the transfer of two 
7 ce. aliquots by means of a Mohr pipette for iron analyses and left a suf- 
ficient amount of the solution for the measurement of the spectrum. The 
7 cc. aliquots were diluted to 10 ec. with redistilled water. 
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As will be evident below, when the samples are made up in this 
way, further addition of alkali is not needed in the procedure for 
hemin, whereas 2 cc. of 0.169 mM NaOH are added to the 10 ce. 
volume of dissolved cytochrome c. In the case of the hemin 
sample, the volume is adjusted by the addition of 10 ec. of redis- 
tilled water. Samples of the order of magnitude chosen for analysis 
contain approximately 0.015 to 0.040 mg. of iron. At the stage 
of photometry of the sample the above amount of iron is in a 
volume of 16.1 ce. Since the method is sensitive to less than 1 y 
of iron per cc. of solution, the above range of concentrations has 
been found ideal in our work. In an alternative dilution procedure, 
mentioned below, the final volume is 25 ec. In this case the writer 
prefers to employ slightly larger samples containing 0.020 to 0.055 
mg. of iron. The magnitude of sample must depend somewhat 
upon the depth of the cuvette used in the photometry, and whether 
the measurement is visual or objective. In the case of hemin as 
little as 0.5 mg. may be weighed out upon a micro balance. Such 
a sample dissolved in 10 cc. of alkali is sufficient for four separate 
accurate analyses. 

It has been found very convenient to carry out the whole pro- 
cedure, including photoelectric filter photometry, in large test- 
tubes (17.5 em. long and approximately 1.98 cm. internal diameter), 
matched for photometric interchangeability. The pigment ali- 
quot is transferred to the test-tube, and diluted, if necessary, to 
10 ec. The subsequent steps may be outlined. 

Freeing of Iron from Organic Complex—To the 10 cc. of pigment 
solution, add with mixing 2 cc. of 0.169 m NaOH (not necessary 
for hemin solutions, prepared as above) and 0.5 cc. of 30 per cent 
H,O2 (superoxol, Merck). The mixing is by very gentle shaking 
(to avoid excessive foaming). The tubes are then lightly stoppered 
with corks and permitted to stand at room temperature. The 
cytochrome ¢ solutions are practically fully decolorized in 3 hours, 
leaving in comparison with the blank and iron standards only a 
very pale yellowish tint. Photometric correction for the yellowish 
tint has been carried out, though the correction factor is usually 
virtually negligible. After the solution has stood for 3 hours, 
the rest of the procedure may be carried out, but the practice has 
been to permit the reaction to continue overnight. This longer 
period is considered preferable both from the standpoint of pro- 
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ducing practically colorless solutions and perhaps aiding in the 
later complete ridding of peroxide. Protohemin solutions are 
rendered colorless by the above procedure in less than 1 hour (4 
hour being sufficient for the concentrations employed), while 
coprohemin solutions of comparable iron content are completely 
decolorized in the remarkably short period of 5 minutes. The 
practice with hemin solutions has been, as with cytochrome ec, 
to permit the reaction to continue overnight. 

The digestion of cytochrome ¢ by means of peroxide in alkaline 
solution was used by Hill and Keilin (5), and has been found by 
the writer to be preferable to other more usual procedures for such 
small samples of cytochrome c and hemin as are dealt with here. 
Discarded as unacceptable, either because of inconsistent results 
in our hands or instability of color developed by o-phenanthroline, 
were a combination of wet and dry ashing, wet ashing with con- 
centrated (18 mM) H.SO, and 30 per cent HyOe, as recommended by 
Schales,? and digestion with 18 Mm H,SO, and potassium chlorate, 
used by Saywell and Cunningham (11). 

Freeing Solutions of Peroxide and Adjustment of pH—The tubes 
containing the decolorized solutions, blank, standard, etc., are 
covered with filter paper caps and heated at 90° in a water bath 
for 10 minutes. The tubes are cooled to room temperature by 
immersion in cold water. 1 ce. of N HCl is added with mixing to 
each solution, and the tubes again covered with filter paper caps 
and heated in the water bath at 90° for 10 minutes. The tubes are 
now cooled by immersion in cold water and to each is added with 
mixing 0.2 cc. of 50 per cent ammonium acetate.’ At this stage 
of the procedure, the correction factor for the very slight tint of 
the cytochrome c solutions is obtained by photometric comparison 
of the solutions against the standard similarly treated. Since 
hemin solutions are usually colorless, no correction is necessary 
in their ease. One of the advantages of carrying out the whole 


? Personal communication to the writer. 

3 Since ammonium acetate is very hygroscopic, the procedure has been 
to use either the saturated fluid above the wet crystals in the container, or 
to make up a small amount of saturated solution. A saturated solution has 
been assumed to have 100 gm. of the salt in 148 ec. of the solution. There- 
fore, 50 per cent ammonium acetate was made up by diluting 10 ec. of a 
saturated solution to 13.5 ec. with redistilled water. 
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procedure, including the photometry, in test-tubes is the manipu- 
lative ease of applying photometric corrections as above. 

In solutions prepared and buffered in the above manner, the 
pH at the final volume of 16.1 cc. is 4.2, measured by a glass 
electrode. When prepared as recommended by Schales,? the pro- 
portionate amount of 50 per cent ammonium acetate employed 
would be 0.1 ec. Under these circumstances, the pH by the glass 
electrode is 2.3, too acid for proper reduction of the iron under our 
conditions. 

Reduction of Iron, and Formation of Colored Complex of Ferrous 
o-Phenanthroline—To each solution is added with thorough mix- 
ing 0.4 ec. of 1 per cent freshly prepared ascorbie acid.4 The 
ascorbic acid solution is kept in the refrigerator, and should be 
used within 12 hours of its preparation. Improper development of 
color, or instability of color, may usually be traced to improper 
reduction or insufficient excess of reducing agent. 

Immediately after the addition of ascorbic acid, 2 ec. of 0.1 
per cent o-phenanthroline’ solution are added with thorough mixing 
to each tube, which is then tightly stoppered. The tubes are per- 
mitted to stand for 14 hours at room temperature to allow for the 
full development of color. The stability of the rose-pink color is 
of a high order, probably owing to the high reduction potential 
of the ferrous o-phenanthroline complex (16). Fortune and Mellon 
(13) have claimed that the color is stable for periods as long as 
6 months. The writer prefers to carry out the photometry after 
the solutions have stood for 1} hours, since experience has shown 
that an aberrant, slightly yellowish tint develops in the water blank 
usually within a period of 24 hours. The reason for this phenome- 
non is not clear. In an alternative method of dilution, after full 
development of color, the solutions are quantitatively trans- 
ferred to 25 cc. volumetric flasks and diluted to volume. 

Photometry of Colored Solution—The proper photometry of the 
colored solutions—-blank, standard, and unknowns-—is_ believed 


‘The use of ascorbic acid for this purpose was recommended by my 
colleague, Dr. Walter G. Karr.’ Publication of its use in the dipyridyl 
method for iron (15) has been called to my attention recently. 

‘Obtained as o-phenanthroline monohydrate from the G. Frederick 
Smith Chemical Company, Columbus, Ohio. The solution is made up in 
redistilled water, and kept in a refrigerator when not in use. The solution 
appears to be stable over long periods of time. 
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to be the most important step in the method. The « (c = 1 mm 
per liter, d = 1 em.) values have been determined for solutions of 
different iron content, both by means of visual spectrophotometry 
by our usual technique (14), and by photoelectric filter photome- 
try. Particularly satisfactory results were obtained by the latter 
technique, with a photometer of new design (to be described in a 
separate communication). The essential features of this apparatus 
are a photocell, chosen primarily because of its characteristic 
maximum sensitivity in the blue spectral region, interchangeability 
in the light path of spectroscopic cuvettes of exactly | em. in depth 
with the test-tube cuvettes, permitting exact evaluation of the 
effective optical depth of the latter, and the use of light filters of 
more than usual relative monochromacy. For the determination 
of ferrous o-phenanthroline the results were based upon averages 
of determinations at two spectral intervals, 485 and 535 mu. 
These maximum transmission regions were isolated respectively 
by means of composite monochromats composed of the following 
units, (1) Wratten Filter 75 (blue-green), a 1 em. layer of 0.8 m 
CuSO, solution, and Corning glass No. 395, 3 mm. thick, and (2) 
Wratten Filter 62 (mercury green), a 1 em. layer of 0.8 mM CuSO, 
solution, and Corning glass No. 395, 3 mm. thick. Upon ferrous 
o-phenanthroline—-a pigment with a relatively broad absorption 
band—the extinction data vielded by the new filter photometer 
were virtually identical with those obtained by precise, visual 
spectrophotometry. From the standpoint of determining con- 
centration, adequate results may be obtained also with pho- 
tometers, such as the Evelyn (17), equipped with barrier layer 
photocells and filters with relatively broader spectral transmission 
than those described above, but the extinction data will be materi- 
ally lower. 

Preparation of Standard Iron Solutions--The stock standard 
solution is made up from analytical iron wire (99.84 per cent iron) 
as follows: 100 mg. of wire are dissolved in 15 cc. of redistilled 
water to which 0.6 ec. of concentrated (approximately 18 Mm) 
H»SO, had been added, by heating on a sand bath over an electric 
hot-plate. The solution is transferred to a 1 liter volumetric 
flask, and diluted to volume with redistilled water. The stock so- 
lution, which contains 0.09984 mg. of iron per cc. in approximately 
0.012 m H.SO,, may be kept indefinitely in a glass-stoppered bottle. 
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Appropriate working standards, containing for example 0.01997, 
0.02996, or 0.03994 mg. of iron, are prepared as needed by measur- 
ing out 1.0, 1.5, or 2.0 ec. of a solution, prepared from the stock 
solution by dilution of 5,0 ce. to 25.0 ec. in a volumetric flask. 

In photometric methods of this type, founded upon an empirical 
adjustment of conditions, proper practice demands that each set 
of determinations be carried out simultaneously with an appropriate 
standard containing a similar amount of iron as the unknown. 
No reliance is placed upon the adherence of ferrous o-phenanthroline 
solutions to Beer’s law, although the law applies within the narrow 
limits of iron concentration adopted in the method, namely 0.015 
to 0.040 mg. of iron. In solutions containing these amounts of 
iron in a volume of 16.1 cc., maximum absorption is at a wave- 
length of 500 my (blue-green), with e (c = 1 mm per liter, d = 
1 em.) = 11.05. In each set of determinations the practice has 
been to run simultaneously a water blank, a standard solution, an 
unknown, and the same unknown with a known amount of iron 
added. It is suggested that the iron content of the standard be 
intermediate in value between that of the unknown and the un- 
known plus added iron. 


Results 


Fig. 1 shows the absorption spectrum curve of a solution of 
ferrous o-phenanthroline, calculated from spectrophotometric data 
(obtained with the Bausch and Lomb spectrophotometer) upon 
one of the working standard Fe solutions. In comparison the 
curves for the ferrous dipyridyl complex, cyanmethemoglobin, and 
dicvano ferriprotoporphyrin (ferrihemin dicyanide) are shown 
also. The choice of light filters for use with the method in photo- 
electric filter photometry was guided by the characteristics of the 
absorption spectrum of ferrous o-phenanthroline. The curves for 
the ferrous complexes of o-phenanthroline and a,a’-dipyridyl are 
similar in shape, but the maxima of absorption are located re- 
spectively at wave-lengths of 500 and 520 my. The ratios of 
e (c = 1 mo per liter, d = 1 cm.) values for the maxima of the 
two complexes are 11.05 to 8.57, which is equal to the ratio 1.29 
to 1.0, the o-phenanthroline complex therefore showing at its 
maximum approximately 30 per cent greater light extinction 
ability. 
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It is of interest to note that, at their respective maxima, the 
magnitudes of extinction for cyanmethemoglobin, dicyano ferri- 
protoporphyrin, and ferrous o-phenanthroline are very similar. 
In the present method one liberates Fe from one type of complex 
and then binds it in another, suitable for direct comparison with 
Fe standards. 
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values) of ferrous o-phenanthroline and other iron complexes. Curve 1, 
ferrous o-phenanthroline, determined upon a standard solution prepared 
as in the present method, containing 0.0333 mm of Fe per liter (0.02995 mg. 
of Fe per 16.1 ec.), read against a blank prepared similarly but with Fe 
omitted. The open circle represents a value for the maximum of 11.25 
instead of 11.05 on the curve, when the solution is read against untreated 
distilled water. Curve la, ferrous dipyridyl complex, 0.0716 mm of Fe per 
liter (0.4 mg. of Fe as Fe(SO,4)2 and 2 ce. of 0.4 per cent a,a’-dipyridy! in a 
total volume of 100 ce. of 0.0005 m H2SOQ,). Curve 2, cyanmethemoglobin 
from the data of Drabkin and Austin (14). Curve 2a, dicyano ferriproto- 
porphyrin (hemin dicyanide). The hemin concentration on an Fe basis = 
0.1629 mm per liter. 


Table I presents examples of data showing recovery of added 
Fe, as well as a comparison in some cases of the percentage of Fe 
in the preparation as determined by other methods. The prepara- 
tions have been described in the previous paper (8), and the figures 
for percentage of Fe will identify the particular preparation. 
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The analyses suggest that protohemin preparations with 98 
per cent or greater of the theoretical Fe content of 8.57 per cent 
are prepared readily. The mesohemin preparation had 98.2 per 


TABLE I 
Determination of Fe in Different Preparations of Protohemin (Chlorohemin), 
Nos. 1 lo &, Mesohemin, No. 6, Coprohemin, No. 7, and Cytochrome c, 
Nos. 8 and 9 


The standard used had 0.01997 mg. of Fe. 








rath Aadea Fe | Fefound | Added Fe ate intend a) other, 
eae er ee ee 
; 0.00500 | pap "0.00592 | 9-01749 | 0.01782" | 8.41 | 8.504 
; 0.00599 pp 0.00607 | 0.0 | 0.01793" | 6.6 
: 0.00599 ae | 0.00608 | 0.01789 | 0.01858* | 8.25 
5 2 
5 | 0.00599 | pore "0.00587 | ae See Tae 
: 0.00509 | aaa 0.00591 | 0.01782 | 0.018143 | 8.37 | 8.19§ 
; 0.00599 | uae 0.00599 9-01618 | 0.01720) | 7.07 
; 0.00799 pe 0.00799 | 9-01753 | 0.025809 | 0.292 | 0.287°° 
9 | 0.01791 | 


0.01793 | 0.022539 0.342 | 


9 0.00599 | 0.02394 | 0.00603 


* Based on 8.57 per cent Fe in protohemin, C34H32,0,NyFeCl, mol. wt. 
651.6. 

+ Earlier analysis (7) on the same preparation by Kennedy’s thiocy- 
anate method (1). 

t Based on 8.52 per cent Fe in mesohemin, C34H3s0,N4FeCl, mol. wt. 
655.6. 

§ Davies’ (6) analysis on the same preparation by the titanous sulfate 
titration procedure (2). 

|| Based on 7.51 per cent Fe in coprohemin, C3¢6H3sOsN,«FeCl, mol. wt. 
743.6. 

* Based on 0.43 per cent Fe in pure cytochrome c (18). 

** The analysis upon this preparation was made by Dr. H. Theorell, who 
very kindly supplied the preparation. The figure was calculated from data 
in a personal communication to the writer. 
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cent of the theoretical Fe content expected on the basis of 8.52 
per cent, a figure somewhat higher than that determined by the 
titanous sulfate titration procedure (6). The coprohemin was 
found to have 94.2 per cent of the theoretical Fe content of 7.51 


per cent. 
SUMMARY 


The o-phenanthroline method has been adapted successfully 
to the accurate determination of iron in micro samples of hemins 
and cytochrome c. If desirable, four separate accurate analyses 
for Fe can be carried out upon as little as 0.5 mg. of hemin. The 
ferrous o-phenanthroline is determined photometrically, with re- 
covery of added Fe of the order of 1 per cent. 
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STUDIES ON ACETONE-GLYCERALDEHYDE, AND OPTI- 
CALLY ACTIVE GLYCERIDES 


IX. CONFIGURATION OF THE NATURAL BATYL, CHIMYL, AND 
SELACHYL ALCOHOLS* 


By ERICH BAER anp HERMANN O. L. FISCHER 


(From the Department of Chemistry, Banting Institute, University of Toronto, 
Toronto, Canada) 


(Received for publication, May 1, 1941) 


The occurrence of monoethers of glycerol with higher aliphatic 
aleohols, such as octadecyl, cetyl, and oley] alcohols, in the liver 
oils of various marine animals, especially those of the elasmobranch 
group, was first demonstrated by Tsujimoto and Toyama (2) 
and later by Nakamiya (3). André and Bloch (4) showed that 
in the original fish oils these ethers are present in the form of fatty 
acid esters. From 1928 to 1933 a thorough investigation into the 
structure of batyl aleohol and chimy] alcohol was carried out by 
Heilbron and Owens (5), Davies, Heilbron, and Owens (6), and 
Davies, Heilbron, and Jones (7). 

Their syntheses (6) of racemic octadecyl glycerol and cetyl 
glycerol were accomplished by condensation of octadecyl chloride 
or hexadecyl chloride with sodium allylate, and subsequent oxi- 
dation of the octadecy] allyl ethers with perhydrol. These syn- 
theses and the lead tetraacetate titration of the naturally occur- 
ring ethers (8) proved that batyl alcohol, chimyl alcohol, and 
selachyl alcohol, which last can be catalytically reduced to batyl 
alcohol, must be the a-glycerol ethers of octadecy! alcohol, hexa- 
decy! alcohol, and oley] alcohol, respectively. Although no direct 
comparison with the naturally occurring chimyl alcohol was pos- 
sible for lack of material, there was little doubt that chimy] alco- 
hol is a-cetylglycerol ether. 


* A preliminary report was presented before the meeting of The Federa- 
tion of American Societies for Experimental Biology at New Orleans, 
March 14, 1940, and a preliminary note has been published (1). 
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Since a-glycerol derivatives are asymmetrical and therefore 
may occur in nature in only one enantiomorphic form, Davies, 
Heilbron, and Jones (7) were led to reexamine the optical proper- 
ties of natural batyl alcohol. They reported that the natural 
alcohol has a slight optical activity, [a}3%., = +2.6° (in chloroform, 
ec = 0.95), an observation in disagreement with an earlier finding 
of Toyama (9). 

Recently Toyama and Ishikawa (10) have made an observation 
which may explain these apparent discrepancies in previous work. 
They found that the rotations of free batyl and selachyl alcohols 
in chloroform and ethyl] alcohol are largely dependent on the con- 
centrations used. For instance, while the selachyl alcohol in 
substance showed a specific rotation of [a]?® = —4.33°, increasing 
dilution with chloroform or ethyl alcoho! resulted in a gradual 
decrease in value, until at concentrations of approximately 10 
per cent no rotation was detectable. When dilutions below 10 
per cent were employed, a deztrorotation was observed. 

The constitution of the three natural a-glycerol ethers and the 
fact that they occur in one enantiomorphic form in fish liver oil 
were thus established, although the steric classification of these 
compounds, 7.e. their relationship to glyceraldehyde, was still 
to be determined. With this object in view, the synthesis of both 
enantiomorphic forms of the optically active a-glycerol ethers 
was undertaken, and carried out in such a way that in all stages 
of the process the optical relations between the resulting ethers 
and d- and /-glyceraldehydes, the reference compounds, could be 
clearly traced. 

The d(+)-acetone glycerol and /(—)-acetone glycerol, which 
had proved so useful in the syntheses of optically active mono-, 
di-, and triglycerides and glycerophosphates, were again used as 
starting materials. For the present synthesis, the sodium salts 
of the acetone glycerols were brought into reaction with hexadecyl! 
and octadecyl iodide in boiling glycol dimethyl ether (11), vield- 
ing the acetone compounds of a-hexadecy! and a-octadecy! glycer- 
ols. Hydrolysis with acetic acid gave the a-hexadecyl glycerols 
and a-octadecy! glycerols, the melting points of which were identi- 
cal with those of chimy]! alcohol (m.p. 62—-63°) and batyl alcohol 
(m.p. 71°) respectively. Their configurations are represented in 
the accompanying formula. 
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CH,ONa we CH,OR 
| | 


CH, OCH CH, OCH HOCH 
ed +RI Neotel CH,COOH 
C I; CQ CARE 
lie’ 


CH, OCH, CH; OCH; CH.OH 


a-Chimyl] alcohol, R = CysH;;; a-selachyl alcohol, R = CisH33; a-batyl 
alcohol, R = CisHas. 


We found that the two enantiomorphic forms of the synthetic, 
like the natural, batyl alcohol in concentrations of 10 per cent in 
chloroform showed no detectable rotation. At concentrations 
lower than 10 per cent, the synthetic ethers were found to possess 
rotations of the same order of magnitude as those recorded by 
Toyama and Ishikawa for the natural ethers at similar concen- 
trations. Since these observed rotations in each instance are 
very small, the agreement of our rotations with those of Toyama 
and Ishikawa may be regarded as satisfactory. Further, the 
diacetates of the synthetic enantiomorphs of batyl alcohol showed 
rotations ({a}jie: = +8.6° in chloroform, ¢ = 11.2) which are in 
good agreement with that recorded for the diacetate from natural 
batyl alcohol ({a]é{s1 = —8.5° in chloroform, ¢ = 2.63) (7). 

Polarimetric examination of the synthetic chimyl] alcohols in 
chloroform at a concentration of 10 per cent also showed no per- 
ceptible rotation, while at a lower concentration small rotations 
were found. Since no derivatives of chimyl! alcohol with known 
rotations were available for further comparison of our synthetic 
a-cetyl glycerols with the natural chimyl alcohol, we were led to 
compare the respective acetone compounds. For the acetonation 
we used the mixture of glycerol ethers which precipitated from 
the unsaponifiable fraction of ratfish (Chimaera monstrosa) liver 
oil after it had stood in an ice box, and which consisted mainly 
of chimy! alcohol with traces of batyl alcohol (m.p. 61.5-62.5°, 
after one recrystallization). An acetone compound was obtained 
with the specific rotation of [a], = —14.0° (in substance). The 
acetone compounds of the synthetic d- and [-chimy]! alcohol had 
specific rotations of [a], = —11.9° and +12.1° (in substance), 
respectively. 

Since the rotations of the natural batyl alcohol and chimyl 
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alcohol isolated from fish liver oil and their derivatives agree with 
those of the a-octadecy! glycerol and a-hexadecyl glycerol and 
their derivatives synthesized from l(—)-acetone glycerol, it 
must be concluded that the batyl alcohol and chimyl alcohol be- 
long to the d series (see the formula). The steric relationship was 
assigned according to the principles used for the classification of 
the a-monoglycerides (12) and glycerophosphates. Selachy! al- 
cohol also belongs to the d series, because it can be transformed by 
catalytic reduction to d-batyl alcohol (2).' 

With regard to the question as to how these ethers may be 
formed in nature we venture to suggest the following theory. As 
a result of the work of Feulgen and Behrens and Griinberg (14), 
it is known that the acetal phosphatides (plasmals) are constituents 
of living cells. Thus it is conceivable that the a-glycerol ethers 
are formed in the cell from the acetal phosphatides by reductive 
splitting of the appropriate carbon to oxygen bond of the acetal 
ring, and subsequent removal of the phosphoric acid. ‘The fact 
that the natural a-glycerophosphoric acid belongs to the / series, 
and that the a-glycerol ethers, as far as they have been investi- 
gated, belong to the d series, is in agreement with the above 
hypothesis. In other words, it appears that etherification and 
esterification take place in nature in the @ and a’ positions re- 
spectively, which in asymmetrically substituted glycerols are no 
longer equivalent. 

We would like to express our thanks to Dr. Neal M. Carter and 
Dr. H. N. Brocklesby of the Fisheries Research Board of Canada, 
Pacific Fisheries Experimental Station, Prince Rupert, British 
Columbia, for kindly providing unsaponifiable matter of ratfish 
liver oil, to Dr. Ziro Nakamiya of the Institute for Physical and 
Chemical Research, Tokyo, for small samples of natural batyl and 
chimy! alcohols and derivatives, and to Mr. Magill of E. I. du 
Pont de Nemours and Company, Inec., Wilmington, Delaware, 
for kindly providing a quantity of glycol dimethy] ether. 


1 After this work had been completed, the isolation of batyl and chimyl 
alcohol from bone marrow was reported by Holmes et al. at the meeting of 
the American Chemical Society at St. Louis, April, 1941 (13). Should the 
glycerol ethers from this new natural source prove to be optically active, 
their optical configuration might be deduced by comparison with our 
synthetic ethers or their derivatives. 
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EXPERIMENTAL 
Batyl Alcohol 


Acetone Compound of d-a-(n-Octadecyl) Glycerol (Compound A)? — 
A molal solution of sodium naphthalene (100 ce.) in glycol di- 
methyl ether* was prepared according to the directions of Scott, 
Walker, and Hansley (11), and had the characteristic dark green 
color. Into this solution, cooled with water, was run a solution of 
13.2 gm. of freshly prepared l(—)-acetone glycerol (a, = —13.98°, 
1 dm. tube) (15) in 25 ee. of dry glycol dimethyl ether. The 
mixture was vigorously stirred until all the acetone glycerol was 
transformed into its sodium compound. This reaction is finished 
when the green color of the solution has disappeared completely. 
After addition of 38 gm. of octadecyl iodide (m.p. 33 34°) dis- 
solved in 75 ce. of lukewarm glycol dimethyl ether, the mixture 
was boiled under a reflux for 48 hours. The solvent was distilled 
off and the residue gradually heated to a temperature of 160° 
(bath) in a vacuum of 10 to 15 mm. to remove dihydronaphthalene. 
The remaining material was dissolved by adding ether and water, 
and the aqueous layer was separated. The ether solution was 
washed with water until the wash water was no longer alkaline, 
dried with sodium sulfate, and concentrated by slowly running it 
from a dropping funnel into a special distilling flask,‘ which was 
heated in a water bath to 45-55°. The flask was immersed as 
deeply as possible in an oil bath and the mixture fractionally 
distilled in a high vacuum. A forerun (Fraction I) of 13.7 gm. 
distilling at 95-150° (bath 120-170°) at 1 KX 10-°-+3 X 10-* mm. 
of Hg was discarded. The desired acetone compound (Fraction 
II) followed at 158- 160° (bath 175-180°) and 2 K 10-* mm. of Hg. 
Yield, 14 gm. (37 per cent of the theoretical), n“° = 1.4489, 
a, = —10.1° (1 dm. tube, in substance). Fraction II which was 
already fairly pure was redistilled in a molecular still, as de- 
scribed by Morton (16), in a vacuum better than 1 XK 10-° mm. 


? The following procedure was used for all the compounds of this type 
described, and is therefore given in rather minute detail. 

* Dried with drierite. 

‘ The distilling flask was the type of sword flask (sealed-on receiver) in 
which an extra side arm for inserting a thermometer has been added to the 
neck, opposite the arm of the receiver. We give these details because the 
boiling points are largely dependent on the type of distilling flask used. 
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of Hg and at a temperature of 100-110° (air bath). The speed of 
distillation was 1 drop every 2 to 3 minutes. An initial distillate 
(Fraction Ila) of 1.9 gm., amounting to 14 per cent of Fraction I] 
(n° = 1.4690), was discarded. Pure a-(n-octadecyl) acetone 
glycerol (Fraction IIb) then distilled as a sirupy, nearly colorless 
liquid which erystallized rapidly. Yield, 11.5 gm. (30.0 per cent 
of the theoretical); m.p. 34-36°, n*° = 1.4418, d® = 0.884. 


CosH 4303 (384.4). Calculated. C 74.9, H 12.7 
Found. we Bee 
Optical Rotation—In melted substance, 1 dm.tube, ap = —11.15°, faj* = 


—12.6°. 

Acetone Compound of l-a-(n-Octadecyl) Glycerol (Compound B) 
13.2 gm. of d(+)-acetone glycerol yielded 11.04 gm. (28.7 per cent 
of the theoretical) of a-octadecyl acetone glycerol; m.p. 32.5-33.5°, 
ns = 1.4432, d® = 0.884. 

Calculated. C 74.9, H 12.7, acetone 15.08 


Found. ** 74.0, “ 12.33, 5 15.13, 15.3 
Optical Rotation—In melted substance, 1 dm. tube, af? = +10.98°, [a}* = 


+12.4°. 

Acetone Compound of dl-a-(n-Octadecyl) Glycerol (Compound C) 
13.2 gm. of racemic acetone glycerol vielded 10.4 gm. (27 per cent 
of the theoretical) of a-octadecy! acetone glycerol (inactive); 
m.p. 32-33°, n*° = 1.4438. 

Calculated, C 74.9, H 12.7; found, C 75.3, H 12.4 


d-a-(n-Octadecyl) Glycerol>—-9.6 gm. (0.025 mole) of the acetone 
compound of d-a-octadecy! glycerol (Compound A) were dissolved 
in 80 ec. of 80 per cent acetic acid at 80°, and the solution was kept 
at the same temperature for 2 hours. The product of hydrolysis 
was isolated by slow addition of cold water to the reaction mixture 
until precipitation was complete. The crystallized material was 
filtered off and was thoroughly washed with water. In order to 
obtain pure a-octadecyl glycerol, the crude product was heated 


5 The symbols (+) and (—) to indicate the rotations actually observed, 
have not been incorporated in the naming of the compounds because their 
rotations are largely dependent on concentration; in the case of the selachy! 
alcohol, the direction of rotation may even be reversed by changes of con- 
centration (10). 
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for half an hour on a steam bath with an excess of dilute sodium 
hydroxide solution, cooled, and filtered with suction, washed with 
water until free of alkali, and dried thoroughly in a high vacuum 
over phosphorus pentoxide. Yield, 8.6 gm. (100 per cent); m.p. 
68°. Recrystallization from dry acetone yielded 6.94 gm. (80.6 
per cent of the theoretical) of pure a-octadecyl glycerol, m.p. 
71-72°. The mixed melting point with natural batyl alcohol 
(obtained by Nakamiya (3)) showed no depression; consequently 
our synthetic product is identical with natural batyl alcohol. 


CoH yO; (344.4). Calculated. C 73.05, H 12.88 

Found. ** 73.07, ‘* 12.44 
Optical Rotation—(1) In dry alcohol-free chloroform, 1 dm. tube, ¢ = 
8.4, ap = +0.07°, asi = +0.06°, lalp = +0.8°, [a}sa61 = +0.7°; (2) in dry 
chloroform, c = 3.83, 2 dm. tube, ap = +0.13°, [a]p = +1.7° (cf. Toyama 
and Ishikawa (10)); (3) in dry chloroform, c = 1.0, 2dm. tube, ap = +0.08°, 


lalp = + 4.0°. 


l-a-(n-Octadecyl) Glycerol—The hydrolysis of 9.6 gm. of the 
acetone compound of [-a-octadecyl glycerol (Compound B) 
vielded 8.3 gm. (96.2 per cent of the theoretical) of l-a-octadecy! 


glycerol, m.p. 71-72°. 


Caleulated, C 73.05, H 12.88; found, C 72.89, H 12.85 


Optical Rotation—(1) In absolute chloroform, 1 dm. tube, c = 9.98, 
ay = 0.0°, asa: = 0.0°; (2) in dry chloroform, 2 dm, tube, ¢ = 3.17, ap = 
—0.10°, [a]p = —1.6°; (3) in dry chloroform, 2 dm. tube, c = 1.10, ap = 
—0.05°, [a]Jp = —2.3°. 


dl-a-(n-Octadecyl) Glycerol—The hydrolysis of 9.6 gm. of the 
acetone compound of dl-a-octadecyl glycerol (Compound C) 
vielded 6.5 gm. (75.5 per cent of the theoretical) of dl-a-octadecy! 
glycerol, m.p. 71-71.5°. 


Calculated, C 73.05, H 12.88; found, C 72.6, H 13.0 


a’ ,B-Diacetyl-d-a-(n-Ocladecyl) Glycerol (Diacetylbalyl Alcohol) 
1.72 gm. of d-a-(n-octadecyl) glycerol were dissolved in a lukewarm 
mixture of 2.8 ec. of acetic anhydride with 5 cc. of dry pyridine. 
After standing for 24 hours at room temperature the solution was 
concentrated in vacuo and the residue distilled in a high vacuum 
in a flask with a sealed-on receiver and a short neck.‘ 2.05 gm. 
(95.5 per cent of the theoretical) of the desired acetate were ob- 
tained as a colorless and odorless syrup which readily crystallized 
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in the receiver; b.p. (1 X 10-* mm.) = 180-183° (oil bath 210 
220°), n° = 1.4400. 

The diacetate is readily soluble in most organic solvents, but is 
insoluble in water. 


CosH 4803 (428.2). Calculated. C 70.1, H 11.2 


Found. mak} PR 
Optical Rotation—In dry chloroform (free from alcohol), 1 dm. tube, ¢ = 
12.6, ap = —0.96°, [a]p = —7.6°. Toyama and Ishikawa found [a]> = 


—7.8° (in chloroform, c = 8.4) (10) for the natural compound. 


The diacetates crystallize in two poly-morphic forms, with 
melting points of 34-34.5° and 42-43°, and can be easily changed 
one into the other. The lower melting form is produced by quick 
cooling of the melted substance. The higher melting form on the 
other hand is produced by slow cooling or inoculating the melted 
product with crystals of the higher melting form. The lower 
melting form of the diacetate is soft and transparent, while the 
higher melting form is hard and white. 

a’ ,B-Diacetyl-l-a-(n-Octadecyl) Glycerol—The diacetate was pre- 
pared from [-a-(n-octadecyl) glycerol as described above. Yield, 
94 per cent; b.p. (1 K 10-* mm.) = 180-183° (bath 210-220°), 
n® = 1.4404, m.p. 34-34.5° and 42-43°. 


Calculated, C 70.1, H 11.2; found, C 70.1, H 11.2 
Optical Rotation—In dry and alcohol-free chloroform, 1 dm. tube, c = 
11.21, ap = +0.85°, A541 = +0.96°, [a]p _ +7.6°, [oe] 5461 = +8.6°. Davies, 
Heilbron, and Jones found [a]s4s, = —8.5° for the optical isomer (7). 


a’ ,B-Diacetyl-dl-a-(n-Octadecyl) Glycerol—1.72 gm. of dl-a- 
(n-octadecyl) glycerol yielded 2.08 gm. (97 per cent) of diacetate; 
b.p. (1 X 10-* mm.) = 180-183°, n® = 1.4400, m.p. 34-34.5°. 

a’ .8-Diphenylurethane of d-a-Octadecyl Glycerol—The diphenyl- 
urethane was obtained in nearly quantitative yield by the usual 
procedure. After recrystallization from methanol the yield was 
0.63 gm. (74.4 per cent of the theoretical), m.p. 100.5-101.5°; the 
mixed melting point with diphenylurethane of the natural batyl 
alcohol (Nakamiya) showed no depression. 


C3;Hs,O;N2 (582.4). Calculated, N 4.8: found, N 5.0 
Optical Rotation—In dry pyridine, 1 dm. tube, c = 8.11, ap = —0.52°, 
[a] = —6.4°. 
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a’ ,B-Diphenylurethane of l-a-Octadecyl Glycerol—0.5 gm. of 
l-a-octadecy! glycerol yielded 0.59 gm. (70 per cent of the theo- 
retical) of urethane, m.p. 101-101.5°. 


Calculated, N 4.8; found, N 4.9 
Optical Rotation—In dry pyridine, 1 dm. tube, c = 8.02, ap = +0.52°, 
falp = +6.5°. 


a’ ,B-Diphenylurethane of dl-a-Octadecyl Glycerol—0.5 gm. of 
dl-a-octadecy! glycerol yielded 0.55 gm. (65 per cent of the theo- 
retical) of urethane, m.p. 94.5—95°. 


Calculated, N 4.8; found, N 4.6 


a’ ,B-Di-(p-Nitrobenzoate) of d-a-Octadecyl Glycerol—To a solution 
of 0.34 gm. of d-a-octadecy! glycerol (synthetic baty! alcohol) in 
5 ec. of dry chloroform were added 0.25 ec. of dry pyridine and a 
solution of 0.35 gm. of p-nitrobenzoyl chloride in 1.5 ee. of chloro- 
form. After the mixture had stood for 1 day at room temperature, 
15 ec. of ether and 2 cc. of 2.N sulfuric acid were added and the 
separated ether solution was washed repeatedly with dilute 
sodium bicarbonate solution until the bicarbonate layer no longer 
contained p-nitrobenzoic acid. On evaporation of the ether, 
0.55 gm. (89 per cent of the theoretical) of diester was obtained. 
For the final purification the crude material was extracted by 
refluxing with three separate small portions of boiling methyl 
alcohol. The last two extracts yielded pure a-octadecyl-a’ ,8-di- 
(p-nitrobenzoyl) glycerol, m.p. 65.5-66.5°. 


C3sHs00gN2 (642.4). Calculated, N 4.4; found, N 4.5 

Optical Rotation—In dry chloroform, 1 dm. tube, c = 7.84, ap = —2.18°, 
laljp = —27.9°. 

a’ ,8-Di-(p-Nitrobenzoate) of l-a-Octadecyl Glycerol—0.34 gm. of 
l-a-octadecyl glycerol yielded 0.55 gm. (89 per cent of the theo- 
retical) of dinitrobenzoate. The crude product was purified by 
fractional extraction with boiling methyl alcohol. The nitro- 
benzoate obtained from the last extract melted at 66.5-67°. 


Calculated, N 4.36; found, N 4.48 
Optical Rotation—In dry tetrachloroethane (sym.), 1 dm. tube, c = 6.7, 
ap = +1.95°, [a]p = +29.1°. 


a’ ,8-Di-(p-Nitrobenzoale) of dl-a-Octadecyl Glycerol—0.34 gm. 
of dl-a-octadecy! glycerol yielded 0.58 gm. (93 per cent of the 
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theoretical) of dinitrobenzoate. After purification the dinitro- 
benzoate melted at 73.5-74°. 


Caleulated, N 4.36; found, N 4.32 


Chimyl Alcohol 


Acetone Compound of d-a-(n-Hexadecyl) Glycerol (Compound D) 
The preparation of Compounds D, E, and F was carried out in 
exactly the same way as described for the preparation of the 
acetone compound of a-(n-octadecyl) glycerol (Compound A), 
with the exception that n-hexadecyl iodide was used, and that, 
owing to the somewhat lower boiling point of Compounds D, E, 
and F, the second fractions of the first high vacuum distillation 
were collected at a temperature between 140-150° (inside). The 
first high vacuum distillation in a sword flask was followed by a 
distillation in a molecular still, in a vacuum of less than 1 X 10° 
mm. and at a temperature of 100° (air bath). The speed of dis- 
tillation was 1 drop every 2 to 3 minutes. 15 to 20 per cent 
of the weight of the substance to be distilled was discarded as a 
forerun. The fraction which followed consisted of pure acetone 
compound. 

From 6.6 gm. of /(—)-acetone glycerol 5.3 gm. (29.6 per cent 
of the theoretical) of the acetone compound of d-a-(n-hexadecyl) 


9 
- 


glycerol were obtained. n®? = 1.4500, d” = 0.894. 


CoH 4,0; (356.4). Caleulated. C 74.1, H 12.4 
Found. “7” ae 


Optical Rotation—In substance, 1 dm. tube, ap = —10.6°, ja], = —11.9°. 


Acetone Compound of l-a-(n-Hexadecyl) Glycerol (Compound E) 
13.2 gm. of d(+)-acetone glycerol vielded after distillation in a 
molecular still 11.2 gm. (31.2 per cent of the theoretical) of the 
pure acetone compound of J-a-(n-hexadeeyl) glycerol. n? = 
1.4500, d* = 0.894. 

1.1, H 12.4, acetone® 16.23 
4.23, “* 12.13, a 15.03 
e, 1dm. tube, ap = +10.80°, fa]p = +12.1°. 


Calculated. © 
Found. ™ 
Optical Rotation—In substane 


7 
ua 
7 


Acetone Compound of dl-a-(n-Hexadecyl) Glycerol (Compound 
F’)—13.2 gm. of dl-acetone glycerol vielded 9.9 gm. (27.9 per cent 


6 Determined according to Messinger’s method (17). 
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of the theoretical) of the acetone compound of dl-a-(n-hexadecy]) 
glycerol. nz = 1.4480, n23 = 1.4500. 


Calculated. C 74.1, H 12.4, acetone 16.23 
Found. ** 74.75, “ 12.4, - 14.6 


The hydrolysis of the three hexadecylacetone glycerols, Com- 
pounds D, EK, and F, in acetic acid (80 per cent) and purification by 
recrystallization from acetone were carried out as described for the 
corresponding octadecylacetone compounds: 

d-a-(n-Hexadecyl) Glycerol—The hydrolysis of 8.9 gm. of Com- 
pound D yielded 6.4 gm. (81 per cent of the theoretical) of d-a- 
(n-hexadecy]) glycerol (chimyl alcohol), m.p. 62.5-63.5°, reerystal- 
lized from acetone. 

CygHyoOs (316.4). Calculated. C 72.1, H 12.7 
Found. " 7h, tan 

Optical Rotation—In dry chloroform, 2 dm. tube, ¢ = 1.16, temperature 

25°, ap = +0.07°, [alp = +3.0°. 


l-a-(n-Hexadecyl) Glycerol— Hydrolysis of 8.9 gm. of Compound 
E after recrystallization of the crude product from dry acetone 
yielded 5.9 gm. (75 per cent of the theoretical) of l-a-(n-hexadecy]) 
glycerol, m.p. 63-64°. 


Calculated, C 72.1, H 12.7; found, C 71.8, H 12.2 
Optical Rotation—(1) In dry chloroform, 1 dm. tube, ¢ = 10.1, tempera- 


ture 22°, ap = 0.0°; (2) in dry chloroform, 2 dm. tube, c = 3.22, ap = —0.08°, 
lalp = —1.3°; (3) in dry chloroform, 2 dm. tube, temperature 25°, ¢ = 1.13, 
ap = —0.05°, [alp = —2.2°. 


dl-a-(n-Hexadecyl) Glycerol—Hydrolysis of 8.9 gm. of Compound 
F yielded 5.5 gm. (69.6 per cent of the theoretical) of pure dl-a- 
(n-hexadecyl) glycerol, m.p. 62-63°. 

The following three urethanes were prepared as described for 
the corresponding octadecyl compounds. 

a’ ,8-Diphenylurethane of d-a-(n-Hexadecyl) Glycerol—0.5 gm. 
of d-a-(n-hexadecyl) glycerol yielded 0.68 gm. (78 per cent of the 
theoretical) of urethane, m.p. 97.5-98°. 

C33Hs0OsNe (554.4). Calculated. C 71.5, H 9.1, N 5.0 
Found. 7 a eh 
Optical Rotation—In dry pyridine, 1 dm. tube, c = 11.0, ap = —0.76°, 


la]lp = —6.9°. 
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a’ ,8-Diphenylurethane of l-a-(n-Hexadecyl) Glycerol—0.5 gm. 
l-a-(n-hexadecyl) glycerol yielded 0.63 gm. (72 per cent of the 
theoretical) of urethane, m.p. 97-98°. 

Caleulated, C 71.5, H 9.1, N 5.0; found, C 71.7, H 9.2, N 5.0 

Optical Rotation—In dry pyridine, 1 dm. tube, c = 8.37, ap = +0.60°, 
[a]p = +7.17°. 

a’ ,8-Diphenylurethane of dl-a-(n-Hexadecyl) Glycerol—0.5 gm. 
of dl-a-(n-hexadecy]) glycerol yielded 0.65 gm. (74 per cent of the 
theoretical) of urethane, m.p. 92°. 

Calculated, C 71.5, H 9.1, N 5.0; found, C 71.7, H 8.9, N 4.6 


The following three substances were prepared and purified by 
fractional extraction with boiling methyl alcohol as previously 
prescribed for the corresponding octadecyl compounds. 

a’ ,B-Di-(p-Nitrobenzoate) of d-a-(n-Hexadecyl) Glycerol—0.32 
gm. of d-a-(n-hexadecyl) glycerol yielded 0.48 gm. (78 per cent of 
the theoretical) of dinitrobenzoate, m.p. 52°. 

C3sH gOgN, (614.4). Calculated. C 64.5, H 7.6, N 4.6 
Found. Ca. the ee 

Optical Rotation—In dry tetrachloroethane (sym.), 1 dm. tube, ¢ = 8.2, 
ap = —2.40°, [a]lp = —29.2°. 

a’ ,B-Di-(p-Nitrobenzoate) of l-a-(n-Hexadecyl) Glycerol —0.32 gm. 
of l-a-(n-hexadecyl) glycerol yielded 0.32 gm. (51.5 per cent of the 
theoretical) of dinitrobenzoate, m.p. 52-53°. 

Calculated, C 64.5, H 7.6, N 4.6; found, C 64.6, H 7.6, N 4.5 

Optical Rotation—In dry tetrachloroethane (sym.), 1 dm. tube, ¢ = 10.6, 
Gp = +3.15°, [aly = +29.7°. 

a’ ,8-Di-(p-Nitrobenzoate) of dl-a-(n-Hexadecyl) Glycerol—0.32 
gm. of dl-a-(n-hexadecyl) glycerol yielded 0.34 gm. (55 per cent 
of the theoretical) of dinitrobenzoate, m.p. 52-53°. 


Caleulated, N 4.6; found, N 4.6 


Glycerol Ethers from Ratfish Liver Oil 


Unsaponifiable matter from ratfish (Chimaera monstrosa) liver 
oil, while standing in a refrigerator, deposited crystallized mate- 
rial, which was freed from the supernatant oil. The melting 
point of the substance after one crystallization from dry acetone 
was 61.5-62.5°. This melting point could be raised to 67° by 
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repeated crystallization, but the yield of the higher melting sub- 
stance was very minute. Apparently the crude crystallized mix- 
ture obtained from ratfish liver oil consisted mainly of chimy] 
aleohol (m.p. 62 63°) with small amounts of batyl alcohol (m.p. 
71-72°). For comparison purposes it was therefore not necessary 
to purify the product any further, since the rotations of the 
acetone compounds of batyl and chimy! alcohols are very nearly 
the same. The optical! rotation of the once recrystallized product 
in dry pyridine (c = 11.1) was practically 0.0° (less than 0.03°) 
in a 1 dm. tube (ef. Toyama and Ishikawa (10)). 

Acetonation——To a solution of 3 gm. of once recrystallized mate- 
rial (m.p. 61.5-62.5°) in 100 ee. of dry acetone were added 10 gm. of 
finely powdered anhydrous copper sulfate, and the mixture was 
shaken at room temperature for 3 days. The copper sulfate 
was centrifuged off and the solution concentrated. On distilla- 
tion of the residue in vacuo (5 X 10-* mm.) 3.1 gm. (91.5 per cent 
of the theoretical calculated for acetone chimyl alcohol) of a 
colorless liquid, boiling between 145-150° (bath 165-170°), were 
obtained, which after solidification melted at 12-16°; n¥@ = 


1.4462, d” = 0.894. 


Calculated (acetone chimyl alcohol). C 74.1, H 12.4 


e De. batyl - Up ee 2 
Found. “73.7, “ 12.9 
Optical Rotation—In substance, 1 dm. tube, ap = —12.4°, [a]p = —14.0°. 
SUMMARY 


The enantiomorphic forms of a-octadecyl glycerol and a-hexa- 
decyl glycerol have been synthesized from d(+)- and l(—)-acetone 
glycerol. It has been found that the optical rotations of natural 
batyl and chimy! alcohols and derivatives are identical in sign and 
magnitude with those of the same compounds synthesized from 
l(—)-acetone glycerol. Therefore the natural batyl and chimyl 
alcohols belong to the d series. Selachyl alcohol, because of its 
close relationship to batyl alcohol, can also be assigned to the 
d series. 
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(From the Department of Biochemistry, Cornell University Medical College, 
New York City) 
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One of the aspects of the structure of glutathione which attracts 
attention is the fact that the glutamic acid is linked to the cys- 
teinylglycine through the y-carboxyl group, yielding an atypical 
tripeptide. In order to study the significance of this linkage in 
regard to the chemical and biological behavior of this compound 
we recently prepared the a-glutamyleysteinylglycine, isoglu- 
tathione (1). We wished to study particularly the question of the 
activation of methylglyoxalase. In order to make such a study 
of broader significance we thought it would be of interest to include 
an analogue of glutathione containing aspartic acid in place of 
glutamic acid. We therefore undertook the synthesis of 
8-aspartyleysteinylglycine, which for convenience we have desig- 
nated as asparthione. 

The synthesis of asparthione was carried out by the reactions 
indicated in the accompanying equations. 

The free tripeptide was isolated by way of its mercury and copper 
salts. The copper salt separated in crystalline form with a sheen 
similar to that so characteristic of the copper salt of glutathione 
when precipitated under these conditions. The free peptide, 
asparthione, was obtained in an amorphous form which, however, 
according to elementary analysis was analytically pure and by 
iodine titration possessed the correct sulfhydryl content. It might 
be pointed out that the condensation product of the a-benzyl-N- 
carbobenzoxyaspartic acid chloride with S-benzylcysteinylglycine 
methyl ester was isolated as a pure crystalline compound. In 
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addition, the free acid obtained by saponification of the above 
intermediate also was crystalline and analytically pure. 


EXPERIMENTAL 


Preparation of a-Benzyl-N-Carbobenzory-B-A spartyl-S-Benzyl- 
cysteinylglycine Methyl Ester—30 gm. of S-benzylcysteinylglycine 
(2) were transformed into the free methyl ester (3). The ester 
was dissolved in 75 cc. of cold, dry chloroform and was stored 
temporarily in a solid CO,-trichloroethylene bath while the acid 
chloride with which it was to be condensed was being prepared. 

The a-benzyl-N-carbobenzoxyaspartyl chloride was prepared 
according to the reactions employed by Bergmann, Zervas, and 
Salzmann (4). Modifications which were applied to certain of the 
original procedures may be described briefly. Carbobenzoxy- 
aspartic acid was converted to the anhydride without the ap- 
plication of heat; the carbobenzoxyaspartic acid was shaken with 
acetic anhydride until solution occurred (about 30 minutes) and 
the mixture was then allowed to stand an additional 2 hours before 
the product was precipitated with dry ether and petroleum ether. 
This method minimized any danger of racemization. In order 
to rid the carbobenzoxyaspartic acid a-benzyl ester of undesirable 
impurities, which probably to a large extent consisted of the 
isomeric 8-benzyl ester, the crude ester was recrystallized from 4 
parts of toluene. The material was dissolved by heating, the 
solution cooled to 0°, and the crystals which separated were im- 
mediately filtered. Two such recrystallizations gave a product 
which melted sharply at 85°. 

11.2 gm. of the freshly prepared acid chloride were dissolved in 
50 ec. of chloroform, and added to the solution of the S-benzyl- 
cysteinylglycine methyl ester. 15 minutes later the clear solution 
was repeatedly extracted with 0.1 Nn HCl, twice with KHCO,; 
solution, and finally with water. The condensation product 
began to crystallize during the extraction so that it was necessary 
to add chloroform to a total volume of 350 cc. The excess ester 
hydrochloride was recovered from the acid extract as described by 
du Vigneaud and Miller (3). The chloroform solution was dried 
over anhydrous NaeSO, and was evaporated in vacuo to about 
150 ce. Addition of 50 ce..of petroleum ether with cooling brought 
about the crystallization of 11.0 gm. of a-benzyl-N-carbobenzoxy- 
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B-aspartyl-S-benzyleysteinylglycine methyl ester which melted 
at 152-153°. A second crop of 6.5 gm. was obtained by the 
addition of more petroleum ether to the filtrate from the first crop, 
This second crop was recrystallized from 20 ec. of chloroform by 
the addition of 20 ec. of ethyl acetate. For analysis a sample was 
again recrystallized. The compound melted at 153°. 


CyoHgsOsN;8 (621.7). Calculated, N 6.76; found, N 6.64 


N-Carbobenzoxry-B-A spartyl-S-Benzylcysteinylglycine—The — con- 
densation product obtained above was saponified by the method 
of Harington and Mead (5) as follows: 15 gm. of the ester were 
suspended in 150 ec. of dioxane and 58 ce. of N NaOH were added 
slowly with stirring. Solution occurred during the addition of the 
alkali. After 1 hour, 75 ce. of water and an amount of 2.5 n HC] 
equivalent to one-half the added alkali were added and the dioxane 
was removed in vacuo. During the evaporation, long thin rods 
of the half sodium salt of carbobenzoxy-8-aspartyl-S-benzyl- 
cysteinylglycine separated. 2.5 nN HCl sufficient to neutralize 
the remainder of the alkali was added slowly with stirring to give 
hair-like needles of the free tripeptide derivative. 11.2 gm. of the 
crude carbobenzoxy-6-aspartyl-S-benzylevsteinylglycine were thus 
obtained. The compound was purified by recrystallization from 
65 ec. of alcohol, and was washed on the filter with ether. The 
vield of the product which melted at 168—-170° was 7.5 gm. 

CosH27OgN38 (517.5). Calculated. N 8.12, 8 6.20 
Found. ** 7.85, “ 6.00 


8-Aspartylcysteinylglycine (Asparthione)—The reduction and 
isolation were carried out as described for glutathione by du 
Vigneaud and Miller (3). 6 gm. of carbobenzoxy-8-aspartyl-S- 
benzyleysteinylglycine were dissolved in 100 cc. of dry liquid 
ammonia and were reduced with 1.3 gm. of sodium. 3.75 gm. of 
ammonium sulfate were added, the ammonia was allowed to 
evaporate, and the free tripeptide was isolated as the mercuric 
salt. After the mercury was removed as mercuric sulfide, the 
tripeptide was precipitated as the cuprous salt according to 
Hopkins’ procedure (6) for glutathione. A sample was dried 
at 50° for analysis. 


CoH, ,OgN;SCu (355.9). Caleulated, Cu 17.86; found, Cu 17.71 
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The cuprous salt was decomposed with H.S, and attempts were 
made to crystallize the asparthione but without success. Methods 
which produced crystallization of glutathione were not successful 
when applied to asparthione. The oil which was obtained on 
evaporation of an aqueous alcoholic solution of the asparthione 
was transformed into an amorphous solid by rubbing with absolute 
alcohol. The yield was 2.4 gm., or 70 per cent, of the theoretical 
vield based on the amount of saponified condensation product used 
for the reduction. The specific rotation of a sample which had 
been dried in a vacuum desiccator over PO; was [a]? = —29.0° 
for a 1 per cent aqueous solution. Such a sample dried at 50° for 
analysis was found to lose about 7 per cent water. 

CgH,,O¢6N;8 (293.3). Caleulated. N 14.3, 8 10.9 
Found. “* 14.4, “10.8 


A sulfhydryl determination carried out under the conditions 
outlined by Lavine (7) showed that 98 per cent of the sulfur was 
present in the reduced form. 

SUMMARY 

The tripeptide, 8-aspartyleysteinylglycine (asparthione), which 
differs from glutathione only in that it contains aspartic acid 
bound through the 8-carboxyl group instead of glutamic acid 
bound through the y-carboxyl group, has been synthesized. The 
acid chloride of a-benzyl-N-carbobenzoxyaspartic acid was con- 
densed with S-benzyleysteinylglycine methyl ester. The resulting 
ester was saponified, yielding N-carbobenzoxy-8-asparty]-S-benzyl- 
cysteinylglycine. This product was then reduced with sodium 
in liquid ammonia, and the resulting asparthione was isolated 
through the mercury and copper salts and finally as the free tri- 
peptide. 


The authors wish to thank Dr. J. R. Rachele of this laboratory 
for carrying out the microanalyses. 
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THE EFFECT OF INGESTION OF NICOTINIC ACID ON THE 
DETERMINATION OF THIAMINE IN URINE BY 
THE THIOCHROME METHOD* 
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(From the Division of Biochemistry, The Mayo Foundation, Rochester, 
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(Received for publication, May 12, 1941) 


The present study was prompted by the observation that inges- 
tion of large amounts of nicotinic acid resulted in a relatively 
large increase in the apparent excretion of thiamine by human 
subjects maintained on a constant low intake of thiamine. Al- 
though the daily excretion of thiamine had been at a fairly con- 
stant level, between 20 and 30 y for several months, after ad- 
ministration of 300 mg. of nicotinic acid for 2 days the daily 
excretion of ‘“‘apparent”’ thiamine rapidly increased to more than 
100 y, a level that might be considered normal. It became de- 
sirable to know whether the ingestion of nicotinic acid actually 
stimulated the excretion of thiamine or whether a large amount of 
nicotinic acid or of its metabolic products in the urine so affected 
the determination as to give false values. It was soon found that 
nicotinic acid added to urine had no effect on the determination. 

In the thiochrome method of Hennessy and Cerecedo (1) the 
urine is passed through a column of permutit which retains the 
thiamine, and most of the material which interferes with the 
determination of thiamine passes into the filtrate. It has been 
recognized (2, 3), however, that not all of the material which 
interferes with the determination of thiamine is thus eliminated. 
Some of it remains on the permutit and is removed with the thi- 
amine when the column is washed with a 25 per cent solution of 
potassium chloride. This solution of potassium chloride containing 
the thiamine is treated with sodium hydroxide and ferricyanide to 


*Presented before the meeting of the American Chemical Society, St. 
Louis, Missouri, April 7-11, 1941. 
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convert the thiamine to thiochrome which is extracted from the 
aqueous phase with isobutanol. If the ferricyanide is omitted 
from this procedure, thiamine is not converted to thiochrome but 
nevertheless an appreciable amo. at of material which emits a 
fluorescent light similar to that of thiochrome is found in the 
isobutanol phase. The value of the blank thus obtained is usually 
small but under some circumstances may be larger than the thi- 
amine value (Table I). The discovery of this fact led Ferrebee 
and Carden (2) to discard the blank determination, since obviously 
the material which gave the blank value must have been largely 
destroved by oxidation with ferricyanide. 


TABLE I 
Relation of Blank Value to Amount of Nicotinic Acid Ingested 


Case No, pee | Miginleaga” | Themitic | Bink rele 

Jan., 1941 mg. Y Y 

l 22 None 200 38 

2 22 a 60 30 

3 22 300 72 155 

22 300 91 197 

23 None 46 102 

4 21 300 77 214 

22 300 135 292 

23 None 64 132 


* Nicotinic acid, Merck, v.s.pP. 
+ Blank values calculated as thiamine. 


Najjar and Wood (3), in studying the thiochrome method of 
Hennessy and Cerecedo, investigated the nature of the fluorescent 
substance responsible for the blank. They found that the amount 
of the substance varied with the intake of nicotinic acid and that 
it was completely absent from the urine of pellagrins. They did 
not determine, however, the effect of this substance on the estima- 
tion of thiamine in urine. 

The data of Table I illustrate the relation of the values of the 
blank to the values obtained for thiamine. In Case 1, 38 of 200 y 
of “apparent” thiamine could reasonably be attributed to non- 
thiamine material. When the diet was low in thiamine and the 
excretion of apparent thiamine was only 60 y (Case 2), the blank 
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amounted to 50 per cent of the total. When the intake of thiamine 
was low and the intake of nicotinic acid was high, the values of 
the blank (Cases 3 and 4) no longer had any possible meaning with 
respect to the determination of thiamine. These results are in 
accord with the conclusion of Ferrebee and Carden that the de- 
termination of fluorescence in the blank cannot be relied on to 
measure the contribution of non-thiamine substances to the total 
fluorescence after oxidation with alkaline ferricyanide. 

Since Najjar and Wood stated that the material which gave 
fluorescence of the blank was not affected by ultraviolet light 
transmitted by a Wood filter, it seemed possible that the non- 
thiamine material which appeared in the isobutanol phase after 
oxidation similarly might be unaffected. The instability of thio- 
chrome when irradiated with ultraviolet light is well known. 
Table II presents the results obtained when the isobutanol solu- 
tions of the oxidized material (the usual solutions as prepared for 
the estimation of thiamine) were irradiated with ultraviolet light 
until the fluorescence reached a constant value (2 to 3 hours). 
Data obtained in the study of Case 4 are typical of data obtained 
in the five cases studied. The increase in the apparent excretion 
of thiamine when large amounts of nicotinic acid were given is 
shown. The material which was stable to ultraviolet light (non- 
thiochrome material) also increased with the amount of nicotinic 
acid ingested and eventually amounted to 69 per cent of the value 
obtained for ‘apparent’? thiamine. The material destroyed by 
irradiation (presumably thiochrome) remained fairly constant 
during the period prior to addition of thiamine chloride to the diet. 
The data of January 22, however, are exceptional. On this date, 
although conditions were unchanged, the material destroyed by 
irradiation was equivalent to 65 y of thiamine, which is more 
than twice the average amount (28 y) destroyed on the other 6 
days of this period. It is suspected that some of the non-thio- 
chrome material also was destroyed not only on this date but at 
other times under the conditions of irradiation in the Pfaltz and 
Bauer fluorometer, particularly since it was found that part of the 
unoxidized fluorescent material of tie blank also was destroyed 
by ultraviolet light under the conditions used. The results in- 
dicate that the apparent increase in the excretion of thiamine when 
150 to 300 mg. of nicotinic acid were given was due almost entirely 
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to an increase in the urine of non-thiamine material which behaved 
very much like thiamine in the analytical procedure. 

The remaining data of Table II are included to show the effects 
of a supplement of 25 mg. of nicotinic acid with varying supple- 
ments of thiamine chloride. The amount of material stable to 
ultraviolet light is increased somewhat over that of the control 
period but is rather variable. 


TaBLe II 


Relation of Material Stable to Ultraviolet Light to Amount of Nicotinic Acid 
Ingested (Case 4) 
































Material | Material 
Total stable to | Material |destroyed 
apparent| ultra- stable to | by ultra- 
Date Addition to diet* thiamine| violet ultra- violet 
24 br. ex- | light, cal-| violet | light, cal- 
cretion jculated as light culated as 
thiamine thiamine 
1941 7 , (FS | + 
Jan. 18 | 34 12 35 22 
“ 19 | 39 11 28 28 
© 20 | 150 mg. nicotinic acid | 5&4 16 30 | 38 
mise? © *§“ te8ie@sbe is 
“@2i}oo“ “ “« | 135 | 7m | 2 | 6 
« 93 | 64 44 69 «| «2 
Feb. 4 | st | 19 | 37 | 32 
‘* 5 | 1 mg. thiamine chloride + 180 | 20 11 | 160 
| 25 mg. nicotinic acid | | 
‘* 6 | 3mg. thiamine chloride + 350 26 | 7.4 | 324 
25 mg. nicotinic acid 
. 7 . “ 519 | 30 5.8 | 489 
“ § “ “ 727 | 36 5.0 | 691 
= sa - 724 | 20 2.8 704 
‘ 10 | 1mg. thiamine chloride + 316 10 | 3.2 | 306 





| 25 mg. nicotinic acid 


* The diet of Case 4 contained approximately 400 y of thiamine. 





The data of Table III were obtained from six human subjects 
and one dog. The human subjects were maintained on the usual 
diet containing 400 y of thiamine supplemented with varying 
amounts of thiamine chloride. It will be observed that when the 
apparent excretion of thiamine lies in what usually is considered to 
be the normal range of 100 to 200 y the material stable to ultra- 
violet light amounts to only 4 to 13 per cent of the total. Such 
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percentages fall within the physiologic variations of thiamine 
excretion and errors of the method. However, when the apparent 
excretion falls much below 100 y, the material stable to ultraviolet 
light becomes a large proportion of the total. This fact suggests 
that when the apparent excretion of thiamine is of the order of 15 
to 30 y the values obtained may be due almost entirely to non- 
thiamine material. 

Since the dog was receiving a supplement of 750 y of thiamine 
chloride, the value obtained for the material stable to ultraviolet 


TABLE III 


Non-Thiamine Material Measured in Urine of Subjects on Basal Diet 
Supplemented with Thiamine 





| Total apparent | Material stable Material stable 











. x eee to ultraviolet A 
Case No. | Date | > hr. | light, calculated —— 
1941 ¥ Y per cent of total 
| Jan.18 | 246 3.7 1.5 
“2 | 200 | 13 6.5 
| «9 | ws | WwW 13 
2 “ 22 60 13 22 
5 “93 62 | 29 47 
6 | Feb. 4 59 20 34 
“o § 186 17 9.1 
7 Jan. 15 184 7.5 4.1 
s «15 398 | 16 4.0 
Dog ~ 560 27 4.8 
“19 495 | 33 6.7 





light was a small proportion of the total. The result on this one 
dog suggests, however, that ordinarily the material stable to 
ultraviolet light would account for a large proportion of the ap- 
parent urinary thiamine. 

It is obvious from the results presented here and from the work 
of Ferrebee and Carden that in the case of urine the blank value 
as usually determined is not valid. Possibly a true blank value 
can be obtained by destruction of the thiamine in a sample of 
urine with sulfite, since presumably only thiamine would be de- 
stroyed by this treatment. Work is under way to test this 
possibility. 
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SUMMARY 


Ingestion of large amounts of nicotinic acid by human subjects 
results in an increase in the apparent urinary excretion of thiamine 
as determined by the thiochrome method of Hennessy and 
Cerecedo. A large proportion of this increase is due to material 
which accompanies thiamine through the analytical procedure 
but which yields fluorescent material that is not thiochrome and 
is not destroyed by ultraviolet light. When the nicotinic acid is 
furnished by an ordinary diet and the excretion of thiamine is more 
than 100 y, the contribution of non-thiochrome material to the 
total fluorescence is usually not greater than the physiologic varia- 
tions of excretion of thiamine and the errors inherent in the method, 
but when the excretion of thiamine is very low, the non-thio- 
chrome material may account for a major part of the fluorescence. 
When nicotinic acid is administered in therapeutic doses of 300 
to 500 mg. daily, the non-thiochrome fluorescence becomes suf- 
ficiently large to make the usual determinations of excretion of 
thiamine meaningless. 
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In general the vitamin content of blood is influenced by the 
amount in the diet. In the case of some of the vitamins the level 
in the blood is used as a criterion of the adequacy of the intake. 
While the physiological importance of pantothenic acid is well 
established, there is only limited information on the amount in 
the blood and its distribution between the plasma and cells of 
various species. Snell et al. (1) have reported the pantothenic 
acid content of the blood of a limited number of chicks on an 
adequate and on a deficient diet. The pantothenic acid content of 
the blood of patients with pellagra, beriberi, and riboflavin de- 
ficiency was found (2) to be from 23 to 50 per cent below the aver- 
age for normal individuals. 

The data on human and chicken blood indicate that the panto- 
thenic acid content of the blood may serve as a guide to the ade- 
quacy of the pantothenic acid content of the diet. The present 
study was initiated to establish the normal pantothenic acid levels 
of the blood of various mammalian species and to obtain informa- 
tion on its distribution between the plasma and cells. Such in- 
formation is desirable in connection with studies on the effect of 
various dietary regimens and other factors that might influence 
the pantothenic acid content of the blood. 


EXPERIMENTAL 


Blood was obtained from six different species. The animals and 
individuals were considered to be on standard stock diets for the 


* Published with the approval of the Director of the Texas Agricultural 
Experiment Station as technical contribution No. 665. 
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respective species. Blood was obtained from both sexes with the 
exception of the human in which case only males were used. While 
no special attempt was made to determine whether there was a 
difference in the pantothenic acid content of the blood between 
the sexes, the values for males and females were not essentially 
different. With the exception of the rabbits the animals and 
individuals from which blood was obtained were considered ap- 
proximately mature. The rabbits were between 7 and 9 weeks of 
age and were still nursing. 

The pantothenic acid was determined by the bacteriological 
method (2) with the medium and organism described by Penning- 
ton ef al. (3). An external glass electrode was used to determine 
the end-point in the titration of the lactic acid. The glass elec- 
trode obviates the difficulty encountered in reading the end-point 
due to the colored solution and the precipitated proteins. The 
assays were run at two levels, usually at concentrations equivalent 
to 0.1 and 0.2 ml. of the original blood, plasma, and cells. The 
plasma and cells were separated by centrifuging the whole blood 
for 50 minutes at approximately 2500 r.p.m. The plasma and 
cells were then treated in a manner similar to that described for 
the whole blood. 


Results 


The average amounts of pantothenic acid together with the 
standard deviations in whole blood, plasma, and cells are presented 
in Table I. It will be observed that 19.4 + 3.7 y of pantothenic 
acid per 100 ml. of human blood is the lowest value for any of the 
species studied and is followed in increasing order by that of the dog, 
sheep, pig, horse, and rabbit. The average amount of pantothenic 
acid in human blood is only slightly lower than the value of 22.5 
per 100 ml. reported by Stanbery et al. (2). The 71.7 + 16.5 y of 
pantothenic acid per 100 ml. of rabbit blood is more than twice 
the level for any of the other species except the horse. Likewise 
the variation in the individual values as indicated by the large 
standard deviation of the whole blood, plasma, and cells of the 
rabbit is greater than in the case of any of the other species. It 
is possible that the higher average value for the rabbit blood may 
be due in part to the fact that these were immature animals. It 
certainly suggests the desirability of studies on the effect of the 
stage of maturity on the pantothenic acid content of blood. 
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The concentration of pantothenic acid in the plasma and cells 
varies with the different species. In the dog and the pig the con- 
centration is greater in the plasma, which contains 31.8 + 8.8 
and 34.7 + 5.7 y per 100 ml. compared to 22.4 + 5.7 and 29.6 + 


TABLE | 
Pantothenic Acid Content of Blood 
































cite No. of cm Pantothenic acid per 100 ml. 

Blood Plasma Cells 

per cent v 7 Y 
es. a8 11 | 46.74 4.3") 26.34 6.4) 31.84 8.8 22.44 5.7 
Horse......| 10 | 32.943.6| 44.84 7.9] 37.44 9.3) 51.94 6.6 
Human.. 11 | 47.843.0| 19.44 3.7) 1704 3.3) 23.64 6.1 
Pig... 10 | 42.846.4/ 33.54 6.4) 34.74 5.7] 299.64 6.6 
Rabbit.....| 13 | 32.34 4.4] 71.7 + 16.5] 57.8 + 15.8) 84.6 + 27.0 
Sheep......| 10 | 33.244.3] 26.64 3.1) 24.14 4.6 29.04 7.1 





* Average value + standard deviation. 


TABLE II 


Calculated Amount of Pantothenic Acid in Blood and Its Distribution between 
Plasma and Cells 

















| Variation from 
Calculated : 
: : determined 
s Pl Cells 
one | hie tino? value for whole ae 
<a > tar? “a 7 per 100 ml. | vy per 100 ml. per cent per cent 
Dog.... Ws aie eae 27.4 +1.1 61.84 38.16 
Horse | @2 —2.6 59.45 40.55 
Human ; | 20.1 +0.7 44.27 55.73 
Pig | $2.5 —~1.0 61.04 38.96 
Rabbit | 66.5 —5.2 58.89 | 41.11 
Sheep 25.7 +0.9 62.65 37.35 








* Calculated amount in whole blood = per cent cells times pantothenic 
acid per 100 ml. of cells plus per cent plasma times pantothenic acid per 
100 ml. of plasma. 


6.6 per 100 ml. of cells for the respective species. In the horse, 
human, rabbit, and sheep the concentration of pantothenic acid 
is greater in the cells than it is in the plasma. The presence of 
pantothenic acid in substantial amounts in the plasma is in marked 
contrast to nicotinic acid of which only traces are present in the 
plasma (4, 5). 
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On the basis of the amount of pantothenic acid found in the 
plasma and cells the calculated amount for whole blood, as shown 
in Table II, agrees fairly well with the observed value. The one 
exception to this was rabbit blood in which there was a difference 
of 5.2 y per 100 ml. 

The percentage distribution of pantothenic acid between the 
plasma and cells has been calculated and is presented in Table IL. 
With the exception of the blood of nan the greater proportion of 
the pantothenic acid occurs in the plasma. In man 44.27 per cent 
of the pantothenic acid exists in the plasma, while in the other 
species studied the per cent in the plasma ranged from 58.89 in 
the rabbit to 62.65 in the sheep. Information on the effect of 
high and low levels of intake of pantothenic acid on its distribution 
between the plasma and cells might afford an insight into the 
extent to which the two fractions enter into the metabolic proc- 
esses in other tissues of the body. 


SUMMARY 


The blood of six different species has been assayed for its panto- 
thenic acid content by the bacteriological method. Data are 
presented on the pantothenic acid content of whole blood, plasma, 
and cells. 

In the dog and pig the concentration of pantothenic acid is 
greater in the plasma than in the cells, while in the horse, human, 
rabbit, and sheep the cells contain more per 100 ml. Approxi- 
mately 44 per cent of the total pantothenic acid of the blood of 
man occurs in the plasma, while in the other species the amount 
found in the plasma ranges from approximately 59 to 63 per cent. 
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There is good reason for questioning the reliability of methods 
now in use for the determination of blood uric acid. One recent 
report indicates the average normal value to be 2 mg. per cent; 
another 7 mg. per cent. The uncertainty is so great that some 
laboratories in this country no longer attempt determinations. 
An investigation of the problem, therefore, seems urgent. 

The reduction by uric acid of ferricyanide at pH 11 and back 
titration of the excess ferricyanide by the Hagedorn-Jensen (1) 
iodine-thiosulfate method was the general procedure studied. We 
were inspired to a large extent by the work of Br@échner-Mortensen 
(2, 3), who, in his admirable monographs on uric acid problems, 
reviewed earlier studies on the determination by the use of ferri- 
cyanide. Brgéchner-Mortensen’s observations on aqueous solu- 
tions of uric acid have been confirmed in this laboratory. When 
aqueous solutions of uric acid and potassium ferricyanide at pH 11 
are mixed, there is a greater reduction of ferricyanide in the first 
few minutes than can be shown later. After this short period of 
“hyperreduction” the quantitative relationship of uric acid to 
ferricyanide at pH 11 is constant at temperatures varying from 
—3° to +37° and after standing for hours. With protein-free 
blood filtrates, however, this is not true, since there is a fairly 
marked influence of both time of reaction and temperature. It is 
possible Bréchner-Mortensen did not observe the magnitude of 
the effect of these factors because of relatively low and constant 
laboratory temperatures in Denmark. 

The influence of time and temperature on the reduction of 
ferricyanide at pH 11 by Folin-Wu tungstate filtrates of blood 
plasma is illustrated in Fig. 1. That they have a marked effect 
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on the amount of reduction is evident. Any application of this 
procedure must, therefore, include a consideration of these factors. 

Brgchner-Mortensen (2) presented evidence suggesting that in 
tungstate filtrate there were no substances other than uric acid 
that significantly reduced ferricyanide at pH 11. Some simple 
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Fic. 1. Curves showing the influence of time and temperature on the 
reduction of 0.005 nN potassium ferricyanide solution at pH 11 by 25 cc. 
portions of a Folin-Wu tungstate filtrate of pooled oxalated human plasma. 
Each point was determined after the addition of 4 cc. of ferricyanide solu- 
tion (at room temperature). Details of the procedure were the same as 
those described in the text for the determination of plasma uric acid. 


experiments showed, nevertheless, that non-uric acid reducing 
substances could increase the reduction of ferricyanide, notably 
if the temperature of the reaction was increased slightly. Glucose 
in amounts equivalent to those found in human blood had little 
or no effect at 5°, but strikingly increased the apparent uric acid 
at 38°. Ascorbic acid in amounts equivalent to those of plasma 
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caused an increase even at low temperatures. It seemed logical 
to suspect that other substances might have a similar effect. In 
the valuable contribution of Blauch and Koch (4) there is evidence 
of the importance of non-urie acid reducing substances in such 
determinations. 

Our next step was to investigate the enzymatic destruction of 
uric acid by a uricase and thus attempt to determine the non-uric 
acid component of the ferricyanide reduction. Blauch and Koch 
(4) used this procedure in a study of the colorimetric method. We 
have followed their directions for obtaining an active uricase 
preparation from beef kidney. ‘Tungstate filtrates of a suspension 
of this powder caused a slight reduction of ferricyanide. The 
activity of each preparation was, therefore, studied in order to 
use a minimum amount and thus keep this blank as low as feasible. 
To 10 ce. portions of a solution, each containing 1.6 mg. of uric 
acid, were added 2 cc. of 0.05 m sodium borate buffer of pH 9.2. 
To these were added different amounts of the uricase powder, 
after which they were placed in a warm room at 37° for various 
intervals of time. Uricase action was always carried out in 125 
cc. Erlenmeyer flasks, since dissolved oxygen is necessary for the 
reaction and one thus has a shallow layer of the mixture on the 
flat bottom of the flask. Each flask was agitated occasionally, 
although tests did not clearly indicate that this was necessary. 
At the end of each time interval the protein from the uricase 
was precipitated by the usual tungstate method, the contents 
of each flask being made up to 100 cc. The uric acid remaining 
after uricase action was determined in 25 cc. aliquots of the filtrates 
of each by the procedure described later. The results of such a 
study are recorded in Fig. 2. Other preparations gave similar 
activity curves. From these data the amount to be used for each 
plasma uric acid determination was chosen. The proportions 
represented in Curve C of Fig. 2 (10 mg. per ec.) were used with 
an incubation time of 3 hours. 

As noted, the tungstate filtrates of uricase suspensions, in the 
amounts employed, caused only a small reduction of ferricyanide. 
Increasing the temperature or the time of reaction occasioned a 
barely detectable increase in the reduction. This is not the case, 
however, with filtrates from mixtures of plasma and uricase pow- 
der. Here, with the uric acid destroyed, one might have predicted 
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a time curve for ferricyanide reduction lower but parallel to the 
curve for the filtrate of the original plasma. At low temperatures 
this is approximately true. Slightly increasing the temperature, 
however, markedly accelerates the reduction by the plasma- 
uricase filtrates, so that with each increment of temperature rise 
the plasma-uricase curve becomes progressively steeper than the 
corresponding plasma curve. An extreme example is presented 
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Fic. 2. Activity of a uricase preparation. The curves show the rate of 
destruction of uric acid at 37° by various amounts of powder added to a 
buffered water solution. The points represent the uric acid remaining in 
25 cc. portions of tungstate filtrate which, without uricase action, would 
have contained 0.40 mg. each, corresponding to a plasma uric acid of 16 mg. 
per 100 cc. The amounts of uricase powder added to the original uric acid 
solutions for the points in each curve were as follows: Curve A, 2 mg. for 
each ec.; Curve B, 5 mg.; Curve C, 10 mg.; Curve D, 20 mg. 


in Fig. 3. At 37° the increase was so rapid in less than 2 hours 
that the reduction of ferricyanide by the tungstate filtrate of the 
plasma-uricase mixture was greater than that from the filtrate 
of the original plasma with its uric acid. These data emphasize 
more emphatically than the data from plasma alone the importance 
of carrying out the reduction in the cold. 

From the data collected it was now possible to choose conditions 
under which it seemed that uric acid could be determined with con- 
siderable accuracy. The reaction of the solution for optimum 
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reduction of ferricyanide by uric acid must be at about pH 11. 
That the reduction should take place in the cold seems evident. 
From data more extensive than presented here one can see the 
variable influences of temperature rise with different samples of 
plasma. Curves (of the types illustrated in Figs. 1 and 3) showing 
the increase in reduction with increase in time of reaction approach 
the horizontal at low temperature. Curves from plasma filtrates 
(uric acid plus non-uric acid reducing substances) and curves 
from the comparable plasma-uricase filtrates (uricase plus plasma 
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Fig. 3. Data contrasting the effect of temperature on the time curves for 
the reduction of alkaline ferricyanide solution by a tungstate filtrate of a 
plasma-uricase mixture and by the filtrate of the corresponding plasma 
alone. The procedure for the determination of each point was the same as 


that described in Fig. 1. 


non-urie acid reducing substances) are, therefore, more nearly 
parallel. More adequate blank titrations with plasma-uricase 
filtrates are thus obtained. For the actual determination of uric 
acid by the method outlined below the reduction was carried out 
in a refrigerator where the temperature varied between 3° and 5°. 
1 hour was chosen for the time of reduction. In periods of less 
than 1 hour we have noted evidence of the so called “hyperreduc- 
tion” by urie acid, referred to above. In longer periods the blank 
reduction and the total reduction may rise disproportionately. 
On the basis of these observations the following procedure was 
adopted for the determination of plasma uric acid. The following 
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solutions used for reduction and for back titration are the same as 
those employed by Brg¢chner-Mortensen (2). 

The alkaline 0.005 n potassium ferricyanide solution is prepared 
by dissolving 1.65 gm. of KsFe(CN)., 140 gm. of Kz,HPO,, and 42 
gm. of KsPO, in distilled water and finally diluting to 1 liter. 
The solution is stored in the dark. 

A zine sulfate-sodium chloride solution is prepared by dissolving 
50 gm. of ZnSO,-7H,O and 250 gm. of NaCl in distilled water and 
then diluting to 1 liter. 

The zine sulfate-sodium chloride-iodide solution is made fresh 
each day by dissolving 2.5 gm. of KI in 100 ce. of the zine sulfate- 
sodium chloride solution. 

The dilute hydrochloric acid is prepared by adding 200 cc. of 
concentrated HCl (sp. gr. 1.19) to 1000 cc. of distilled water. 

A 0.1 n sodium thiosulfate solution is standardized at least once 
each month against potassium iodate. A portion of this solution 
is diluted accurately to make a 0.005 N sodium thiosulfate solution 
each day that determinations are to be made. 

The procedure is as follows: 5 cc. samples of plasma or serum 
are measured into each of two 125 ec. Erlenmeyer flasks (flat 
bottoms to give a shallow layer of fluid and therefore enhance 
oxygen absorption). To one are added 50 mg. of uricase pow- 
der (10 mg. for each ce.). The powder is prepared exactly 
as directed by Blauch and Koch (4) and screened through a 60 
mesh sieve, as they directed. After 1 drop of toluene is added 
to each flask, they are stoppered and both placed in an incubator 
at 37°! for 3 hours. It seems advisable to agitate them several 
times during this period. After incubation the protein is precipi- 
tated by adding to each 35 ec. of water, 5 ec. of 3 N H2SO,, and 
finally, with constant agitation, 5 cc. of 10 per cent sodium tung- 
state solution. After filtration, 25 cc. of the filtrate from each 
are measured into 25 K 200 mm. test-tubes and cooled to near 0°. 
We have used a water bath kept in a refrigerator with a tempera- 
ture ranging between 3° and 5°. In this bath the contents of the 
tubes cooled to the low temperature in less than 0.5 hour. 

After the material is cooled, 4 cc. of alkaline 0.005 n ferricyanide 
solution (at room temperature) are added to each and the tubes 


! The optimum temperature for uricase activity appears to be about 45°. 
If convenient, therefore, the higher temperature would be preferable. 
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immediately replaced in the cold. Additions should be so timed 
that reduction in each tube will last exactly 60 minutes. At the 
end of this 60 minute period, 5 cc. of freshly prepared zinc sulfate- 
sodium chloride-iodide solution and 4 cc. of dilute hydrochloric 
acid are added to each. They are then titrated with 0.005 n 
thiosulfate solution by the usual technique, with starch solution 
as indicator. Ferricyanide-water blanks, consisting of 25 cc. of 
water and 4 cc. of the ferricyanide solution, are titrated in a similar 
manner. 

Blanks are obtained for each new lot of uricase powder. 50 mg. 
portions are suspended in 40 cc. of water and the protein precipi- 
tated by adding 5 cc. of 3 N HeSO, and 5 cc. of 10 per cent sodium 
tungstate solution. Reduction in the cold by a 25 ce. portion of 
the filtrates is then determined. In our experience this has 
amounted to 0.07 to 0.08 cc. of 0.005 n K3Fe(CN)<. 

An outline of the simple calculations, considering the symbols 
in terms of cc. of 20.005 N KsFe(CN)¢ solution, is as follows: 


U = reduction due to uric acid 

NU = as *«« “ plasma non-uric acid reducing substances 

Ur = uricase blanks (determined on each new preparation of uricase 
powder) 

A = difference between ferricyanide-water blank titration and plasma 


filtrate titration (reduction due to plasma uric acid + reduction 
due to plasma non-uric acid reducing substances) 

B = difference between ferricyanide-water blank titration and plasma- 
uricase filtrate titration (reduction due to plasma non-uric acid 
reducing substances + that of uricase blank) 


Then, 
NU = B—Ur 
U =A-— NU 
Plasma uric acid, mg.% = U X (100/2.5) X 0.30 


2.5 are the number of cc. of plasma represented in 25 cc. of filtrate 
and 0.30 is the number of mg. of uric acid which are equivalent to 
1 ce. of 0.005 N K3Fe(CN)>. The determination of this latter 
figure will be discussed below. 

We have referred above to the fact that, when pure water solu- 
tions of uric acid reduce ferricyanide at pH 11 and the excess 
ferricyanide titrated with thiosulfate, a transient maximum reduc- 
tion occurs in the early minutes after mixing. As noted, this 
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was described by Brgéchner-Mortensen (2) and referred to by him 
as “hyperreduction.”” Bre@chner-Mortensen found, and we have 
confirmed the fact, that if the temperature of the reaction is not 
too high this maximum is constant with a given amount of uric 
acid and occurs in the ratio of 1 mole of uric acid to 3 moles of 
ferricyanide. As the time of the reaction increases, the apparent 
reduction of ferricyanide rapidly falls by about one-fifth to a con- 
stant level. Certain modifications of conditions, such as raising 
the temperature of the reaction or adding sodium chloride to the 
solution, partially or wholly eliminate this “hyperreduction” but 
do not change the final constant level of reduction. With water 
solutions and at this constant level of reduction, 1 cc. of 0.005 x 
ferricyanide solution is the equivalent of 0.35 mg. of uric acid. 

As noted above, however, tungstate filtrates of blood or plasma 
react differently from aqueous uric acid solutions. ‘“Hyperreduc- 
tion” is rarely prominent and the reaction continues slowly after 
the first active phase. It was obvious, therefore, that the uric 
acid equivalent of ferricyanide had to be determined under the 
conditions of our procedure. Quantities of uric acid-free filtrates 
were prepared by treating oxalated plasma or serum with uricase, 
as described above, before precipitation of the protein. Known 
quantities of uric acid were then added to such uric acid-free 
filtrates. The reduction of 0.005 N ferricyanide solution by 25 ec. 
portions was then determined by the procedure outlined above. 
The proper blanks (uricase reduction plus non-uric acid reduction 
of the original plasma) were then subtracted to give the amounts 
of ferricyanide solution corresponding to the known quantities of 
uric acid. The results are plotted in Fig. 4. There was sur- 
prisingly little variation from a straight line running through the 
origin. Therefore, under these conditions, with tungstate filtrates 
of plasma or serum, | cc. of 0.005 N ferricyanide solution is the 
equivalent of 0.30 mg. of uric acid. 

A number of studies were now made of the accuracy by which 
known amounts of uric acid, added to plasma, could be deter- 
mined. Uric acid solution prepared by the method of Benedict 
and Hitchcock (5) was added, after neutralization, directly to 
oxalated plasma. Determinations were then made on this and 
on the original plasma, as described. It might be noted that the 
blank titrations, after uricase action, with or without the added 
uric acid, were the same. The results are presented in Table I 
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Fia. 4. The reduction of 0.005 nN potassium ferricyanide solution at pH 
11 by known quantities of uric acid, dissolved in uric acid-free Folin-Wu 
tungstate filtrate of plasma or serum, under the same conditions as the 
procedure outlined in the text (4 ce. of ferricyanide solution added to 25 ce. 
of filtrate at 3-5°; reduction terminated in 60 minutes). 


TABLE I 
Accuracy of Recovery of Known Amounts of Uric Acid Added to Plasma 





Urie acid per 100 cc. plasma 


—- tes ak, Ue ee. Recovery 
Original plasma | Amount added | Total determined |Amount recovered) 
mg mg. mg. mg. per cent 
4.8 8.8 13.6 | 8.8 | 100 
4.8 10.8 15.6 10.8 100 
4.8 11.6 16.4 11.6 100 
4.8 4.4 9.0 4.2 96* 
1.8 4.8 9.2 4.4 g2* 
1.8 6.8 11.2 6.4 94* 
4.8 7.6 11.5 7.0 92* 
4.6 3.8 8.4 3.8 100 
1.6 5.0 9.6 5.0 | 100 
4.6 6.0 10.5 5.9 98 
4.6 3.0 7.6 3.0 100 
4.8 10.0 14.8 10.0 100 
4.8 12.5 17.0 12.2 98 
4.8 15.0 19.2 | 14.4 96 
3.7 8.2 11.6 7.9 96 
1.7 2.5 7.0 2.3 92 
4.7 5.0 9.8 a ae 
4.7 3.8 8.4 3.7 97 
4.7 6.3 10.8 | 6.1 97 








* Uncertainty arose over these determinations and they could have been 
omitted with some justification. 
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and indicate that the true uric acid of plasma can thus be deter- 
mined with satisfactory precision. 

A similar and rather extensive study was made to determine uric 
acid in whole blood and red blood cells. The results were quite 
unsatisfactory and therefore not reported in detail. The non-uric 
acid blank for the red cells was found to be quite large and ob- 
viously presented a serious problem. Another major difficulty 
appeared in the fact that variable and fairly large quantities of 
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Fic. 5. Distribution of the values for uric acid in normal plasma 


uric acid were removed by the bulky protein precipitate of whole 
blood. This had been noted by Pucher (6). Adding the sulfuric 
acid before the sodium tungstate, during precipitation rather than 
after it, resulted in less adsorption but seemed to offer little 
toward a solution of the difficulty. Recovery was not improved 
notably by boiling during precipitation, as was suggested by 
Pucher (7). 

Fig. 5 shows the range of values for the concentration of uric 
acid of normal plasma. The group of 103 subjects included 
medical students and specially selected patients who did not 
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present evidence of serious organic disease. The average value 
is 4.0 mg. per cent. Bréchner-Mortensen (2) concluded that, as 
a group, the plasma uric acid for males was higher than that of 
females. In Fig. 5 it will be seen that this is true for the series 
presented here. The average for 63 males was 4.4 mg. per cent 
with 97 per cent of the values falling between 2.5 and 6.5 mg. per 
cent. The average for forty females was 3.4 mg. per cent with 
95 per cent of the values falling between 1.5 and 5.5 mg. per cent. 
Bréchner-Mortensen (2) found by his procedure the average uric 
acid for twenty-five males to be 7.6 mg. per cent and for twenty- 
five females 6.4 mg. per cent. 

Some comment should be made on the aitatiale and variability 
of the non-uric acid blanks. Expressed as the equivalent of uric 
acid the average for 103 individuals, considered normal, was 1.7 
mg. per cent. The minimum was 1.0, the maximum 3.1 mg. 
per cent. 93 per cent fell between 1.1 and 2.4 mg. per cent. In 
individuals with gout, with high plasma uric acid, the non-uric 
acid blanks were within normal limits. In those with nephritis, 
with azotemia, it was elevated. The size and variability of these 
blanks, together with the fact that high values may be found with 
kidney insufficiency, appear to preclude any possibility of applying 
a standard correction. 

What is the explanation for the discrepancy between the results 
presented here and the colorimetric method forthe determination 
of uric acid? We have studied the latter, following exactly the 
procedure outlined by Blauch and Koch (4), using uricase for 
determining the non-uric acid component of the color produced. 
Values similar to those of Blauch and Koch were obtained; namely, 
an average of about 2 mg. per cent for normal blood. An ex- 
planation forthe defect in this method was promptly discovered. 
Tungstate filtrates contain substances which markedly inhibit 
the color development with phosphotungstic acid. 

The inhibition of color development was demonstrated in the 
following manner. Pooled specimens of human blood or plasma 
were incubated with uricase to destroy all of the uric acid. We 
thus prepared uric acid-free, protein-free blood or plasma tungstate 
filtrates. Such solutions show no uricase activity. To these 
uric acid-free filtrates were added known amounts of uric acid. 
They were compared with standard water solutions containing 
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TABLE II 
Variations in Color Development in Colorimetric Method 
Known amounts of uric acid were added to uric acid-free solutions. 
For color development 5 ec. portions of each were used. Blood and plasma 
were incubated with uricase before precipitation of the proteins by the 
Folin-Wu tungstate method in order to obtain uric acid-free filtrates. The 
results are expressed as mg. per liter of the 1:10 tungstate filtrates or of the 


various water solutions specified. 


Uric Urie 
Solutions to which uric acid was added acid | -— a 
added pe | 
mg. | mg. | per 
perl. | perl. | cent 
Tungstate filtrate of uric acid-free plasma 2.0;0.9 | 45 
4.0/1.9 48 
4.0 | 2.1 53 
8.0 | 4.2] 8&8 
- ve -  - ™ whole blood 4.0 1.3 33 
8.0 3.4 44 
* és ‘* uricase suspension (100 mg. per | 4.0 | 2.8 70 
100 ec.) 6.0 | 4.6 77 
Boiled tungstate filtrate of uricase suspension (100 mg.| 4.0 | 2.6 65 
per 100 cc.) 6.0 | 4.5 75 
15 gm. Na.SO, and 1.5 gm. Na,WO,-2H,0 per liter | 4.0 3.8 95 
water | 6.0 | 5.9 98 
200 mg. peptone per liter water 6.0 4.7 78 
6.0 | 4.9 | 82 | 
1 gm. peptone per liter water 2.4 1.1 46 
1.8 1.9 40 
200 mg. gelatin per liter water 6.0 | 5.7 95 
6.0 | 5.7 95 
40 ‘“ glutamic acid per liter water 6.0 | 4.9 82 
6.0 5.1 85 
10 ‘* glycine per liter water 6.0 3.0 50 
6.0 4.] 68 
40 ‘* (NH,).SO, per liter water 6.0 | 6.0 100 
800 * + — - 6.0 4.5 75 
2 gm. starch per liter water 4.8 | 4.3 90 } 
6.4 5.6 SS 


the same amount of uric acid, when for color development the 
Blauch and Koch modification of the Folin (8) and Benedict (9) 
procedures was used. The results are shown in Table II. They 
are expressed in terms of uric acid recovered, considering the 
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water solutions as standards. Both the filtrate solutions and water 
solutions would show approximately 100 per cent recovery by 
the uricase-ferricyanide method described above. It is quite 
evident that much less color developed in the filtrate solutions 
than did in the water solutions. In filtrates from whole blood 
only about one-third as much color was produced as from the same 
amount of uric acid in water. Quantitatively this fact in itself 
seems to offer an adequate explanation for the extreme discrep- 
ancies referred to in our introduction. We have noted a number 
of substances which in small amounts will cause diminution of 
color development from uric acid in water solution. A few ex- 
amples are recorded in Table II without further comment. 


SUMMARY 


An attempt was made to estimate the true uric acid in plasma. 
This appears to have been accomplished by determining the 
reduction, by protein-free filtrates of an alkaline ferricyanide 
solution, under special conditions, before and after the destruction 
of uric acid by a uricase. As a result of our studies, defects in 
certain methods and therefore the probable explanations for 
many discrepancies are disclosed. A large and variable positive 
error may be introduced by the action of non-uric acid reducing 
substances. This may be especially marked with whole blood. 
A significant negative error may result from the quantity of uric 
acid which is lost during the precipitation of protein from whole 
blood. We have shown that there are factors in protein-free blood 
filtrates markedly inhibiting color development in colorimetric 
procedures. This effect gives a surprisingly large negative error. 

Under normal conditions the true uric acid of plasma usually 
falls between 2 and 6 mg. per 100 ec. As a group females present 
lower figures than males, 3.5 as compared with 4.4 mg. per 100 cc. 

The values for the average normal plasma uric acid shown here 
are roughly the same as those for blood uric acid by the methods 
now in general use (8, 9). It is our impression that this circum- 
stance is due to compensating positive and negative errors in the 
latter methods. 

Attempts to apply the method which has been described to whole 
blood were not satisfactory. 
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NOTE ON THE OXIDATION OF VARIOUS SUGARS BY 
BRAIN TISSUE 


By FREDERICK BERNHEIM anp MARY L. C. BERNHEIM 


(From the Departments of Physiology and Pharmacology and Biochemistry, 
Duke University School of Medicine, Durham, North Carolina) 


(Received for publication, May 7, 1941) 


Loebel (1) described the oxidation of various sugars by brain 
slices. He showed that glucose, mannose, fructose, and maltose 
were oxidized and that the last two were not glycolyzed. Galac- 
tose, sucrose, and glycogen were not attacked. Davies and 
Quastel (2) showed that glucose and fructose increased the rate of 
reduction of methylene blue by brain suspensions. Recent studies 
in vivo (3, 4) have shown that the depressed electrical activity of 
the cortex resulting from hypoglycemia can be restored by injec- 
tions of glucose, mannose, and maltose, but not fructose. Because 
of the maltase present in blood maltose would be rapidly hy- 
drolyzed to glucose which would make any in vivo results with 
maltose equivocal. The oxidation of various sugars has been 
studied quantitatively with washed brain suspensions. 


EXPERIMENTAL 


The rat brains were prepared and washed according to the 
method already described (5). This process was sufficient to 
reduce the maltase activity of any blood that might still be present 
to anegligible amount. The following sugars were then added to 
the washed enzyme preparation: arabinose, raffinose, rhamnose, 
galactose, xylose, trehalose, sucrose, glycosamine, maltose, fructose, 
mannose, and glucose. Of all these only the last four were oxi- 
dized. The effect of various concentrations of glucose has been 
described (5). From these figures, which have been duplicated, 
the molar concentration at which half the maximum velocity of 
oxidation is attained is calculated as 1.4 XK 10-*m. The constant 
for mannose is the same. Mannose, like glucose, takes up 10 
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Fig. 1. The oxidation of different concentrations of mannose by washed 
brain suspension, pH 7.8, 37°. The arrows represent the theoretical uptake 
for 10 atoms of oxygen per molecule. The control uptake of the brain has 


been subtracted. 
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Fic. 2. The oxidation of different concentrations of maltose and fruc- 
tose by washed brain suspension, pH 7.8, 37°. The control uptake of the 
brain has been subtracted. 
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atoms of oxygen per molecule (Fig. 1). 
and maltose differ from those of glucose and mannose. 
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The constants for fructose 


For 


fructose it is 1.7 X 10~- 


* mM, for maltose 5.6 X 10-* m (Fig. 2). 
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Fic. 3. The oxidation of various sugars by washed brain suspension, 


pH 7.8, 37°. 


The control uptake of the brain has been subtracted. 


Curve 


A represents 10 mg. of maltose, Curve B 10 mg. of maltose and 0.5 mg. of 
glucose, Curve C 10 mg. of maltose and 1.0 mg. of mannose, Curve D 0.5 mg. 
of glucose, Curve E 0.5 mg. of glucose and 1.0 mg. of mannose, Curve F 1.0 


mg. of mannose. 


TABLE I 


Effect of pH on Oxidation of Glucose, Mannose, Maltose, and Fructose by 


Washed Rat Brain Suspension 


0.5 mg. glucose 


0.5 mg. mannose 


8.0 mg. maltose | 8.0 mg. fructose 


icateal ampalpreets Cimento: ___| Time 

pH7.8 | pH6.7 | pH78 | pH6.7 | pH78 | pH67 | pH7.8 | pH 6.7 
c¢.mm, c.mm. c¢.mm.,. c.mm. c.mm., c.mm, | c.mm, | c.mm, mtn. 
6 | 6 15 si}; wi elie] ss) es 
42 | 22 | 31 20 | & | 6 | 41 | 6 | @ 
63 30 16 24 92 7 | 74 | «7 105 
88 38 73 126 | 117 | 130 | 160 


33 140 


Because relatively large amounts of fructose and maltose are 
necessary for obtaining adequate oxygen uptakes, no definite end- 


points were found. 
between 0.95 and 1.0. 


The r.q. values in all cases were, however, 


For both maltose and fructose there is a 
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short latent period before the oxidation begins. This is not so 
marked with glucose or mannose. 

The question of whether one enzyme system is responsible for 
the oxidation of the four sugars can be partially answered by ob- 
serving the effect on the oxygen uptake of mixing them in various 
ways. Fig. 3 shows that both mannose and glucose can inhibit 
the oxidation of maltose and that glucose and mannose together 
do not give an additive oxygen uptake. Glucose and mannose 
can also inhibit the oxidation of fructose. Drugs such as iodo- 
acetate, 2,3,5-triiodobenzoate, and fluoride inhibit the oxidation 
of all four sugars in the same way. On the other hand the effect 
of pH is different. Glucose and mannose are oxidized much 
more slowly at pH 6.7 than at 7.8. Maltose is oxidized somewhat 
more rapidly at the lower pH and this difference is more marked 
in the case of fructose. These results are shown in Table I. 


SUMMARY 


1. The molar concentrations at which half the maximum velocity 
is obtained for the oxidation of glucose, mannose, maltose, and 
fructose by washed rat brain suspension have been determined. 

2. The oxidation of all four sugars is inhibited by iodoacetate, 
2 ,3,5-triiodobenzoate, and fluoride. 

3. Glucose and mannose are oxidized more slowly at pH 6.7 
than at 7.8. The reverse is true for maltose and fructose. 

4. Glucose and mannose can inhibit the oxidation of maltose 
and fructose. 
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CHEMICAL OBSERVATIONS ON CARBONIC ANHYDRASE 


By D. A. SCOTT anv J. R. MENDIVE* 
(From the Connaught Laboratories, University of Toronto, Toronto, Canada) 


(Received for publication, May 21, 1941) 


In a previous communication (1) a method of preparing very 
active carbonic anhydrase from defibrinated ox blood was described. 
Dilute solutions of the purified enzyme were very unstable. It 
was shown, however, that if the solutions contained a small 
amount of peptone or of certain proteins not only was stability 
obtained but also the activity values for the enzyme were about 
4 times those reported by Keilin and Mann (2) for their enzyme 
preparation. Since we have been unable to prepare a product 
having greater activity than that reported in our earlier paper, 
we are now publishing certain chemical observations which have 
been made. 

In testing the biological activity of the enzyme the procedure 
followed was that described in our former communication (1). 
The method is fundamentally the same as that used by Meldrum 
and Roughton (3) but employs the modified bicarbonate solution 
described by Hodgson (4). This bicarbonate solution differs 
only slightly from that used by Meldrum and Roughton and 
experimental results indicated that approximately the same unitage 
for an enzyme preparation is obtained with either composition. 
The Hodgson solution, however, is slightly preferable for routine 
work in that it is more stable. For test purposes our enzyme 
preparations always contained approximately 0.05 per cent peptone 
unless otherwise stated. 

EXPERIMENTAL 

Carbonic anhydrase prepared by the methods which we have 

described is a light, white, amorphous, hygroscopic powder con- 


* Holder of a fellowship of the Asociacion Argentina para el Progreso 
de las Ciencias. 
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taining 15.9 per cent nitrogen. Solutions of purified enzyme 
(2.3 mg. per cc.) gave the following positive protein tests: biuret, 
xanthoproteic (phenol groups), Millon (phenol groups), Hopkins 
and Cole (tryptophane), and Sakaguchi (arginine). The Molisch 
(carbohydrate) and nitroprusside (sulfhydryl group) tests were 
negative. Quantitative estimations of cystine and tyrosine were 
made on the purified enzyme. The cystine content was estimated 
by the method of Folin and Marenzi (5) as modified by Tompsett 
(6) and was 1.3 per cent. The tyrosine content was estimated 
according to the method of Folin and Marenzi (7) and was 4.1 
per cent. 

The biological activity of the enzyme is slowly destroyed by 
trypsin. In an experiment in which a solution of the enzyme was 
incubated with trypsin (1 part of trypsin to 3 parts of carbonic 
anhydrase) approximately 60 per cent of the carbonic anhydrase 
activity was destroyed after incubation for 5 hours at 37°. 

Stability Experiments—A solution of carbonic anhydrase (2.3 
mg. per cc.) at pH 7 was heated for 1 hour at 50°. Activity ex- 
periments indicated no loss in enzyme activity during this heating. 
In another experiment a similar solution of the enzyme was heated 
at 80° for 15 minutes. In this experiment a flocculent precipitate 
appeared and practically all the activity of the enzyme was de- 
stroved. 

In order to obtain more precise information concerning the 
stability of the enzyme, solutions of carbonic anhydrase containing 
2.3 mg. of enzyme per ce. were adjusted to various hydrogen ion 
concentrations from pH 3 to 11.8. The solutions were allowed 
to stand at 20° for 24 hours. Each solution was then suitably 
diluted with water containing 0.05 per cent peptone. The 
acidity after dilution was approximately pH 6.8. The biological 
activity of each sample was determined immediately after dilu- 
tion. The results of these experiments are shown in Table I. 

In conducting the tests of the previous experiments it was noted 
in the case of those solutions having an acid reaction that the 
potency was increased if the diluted solutions stood for some time 
before a test was made. Accordingly the following experiment 
was carried out. A solution of the enzyme (2.3 mg. per cc.) 
was adjusted to pH 3 with acetic acid and allowed to stand for 
24 hours at 20°. It was then cooled to 15° and suitably diluted 
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for test purposes with 0.05 per cent peptone solution at 15°. 


The solution was maintained at this temperature for 24 hours 
during which time the activity of the enzyme was periodically 
determined. The results of this experiment are shown in Table II. 


TABLE | 


Stability of Carbonic Anhydrase at Various pH Values 








pH Activity 
units per mg. 

3.0 450 
4.0 5350 
5.0 8100 
6.5 8000 
8.0 7950 
9.1 7800 
9.7 | 7800 
11.1 | 6100 
11.8 


TABLE II 


Recovery of Carbonic Anhydrase Activity after Inactivation at pH 3 


4360 











| Time standing after dilution 
| 


Activity 





units per mg. 


min, 


-_~ ww 


420 

810 
1300 
2010 
2500 
3470 
4700 
5610 
5640 
5840 





It has been recently reported by Main and Locke (8) that hista- 


mine is an activator for carbonic anhydrase. 


Using our purified 


enzyme, we attempted to verify the work of these investigators. 
| Accordingly, four samples of enzyme were suitably diluted with 
(1) distilled water, (2) distilled water made 0.24 mm with histamine, 





(3) a solution of 0.05 per cent peptone, or (4) a solution of 0.05 
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per cent peptone containing 0.24 mm histamine. These solutions 
were tested for enzyme activity immediately after dilution and 
the diluted solutions again assayed after standing 24 hours at 
20° (Table IIT). 

Estimation of Zine in Carbonic Anhydrase—The zine content 
of the carbonic anhydrase was determined in the following manner, 
A weighed sample of the enzyme (approximately 100 mg.) was 
transferred to a platinum crucible. It was then ashed as the 
sulfate. The ash was dissolved in 2 cc. of N acetic acid and trans- 
ferred to a 15 cc. centrifuge thimble. An additional 2.5 cc. of 
the acetic acid were used to wash the crucible and were added to 
the thimble. The acid solution was then neutralized with am- 


TABLE III 
Activity of Carbonic Anhydrase with and without Histamine 


| Tested | Tested 
| immedi- after 
| ately 24 hrs. 


Carbonic anhydrase diluted with 





units per units per 


mg. mg. 
Water. 4250 200 
“containing 0.24 mm histamine | 4960 | 790 
= ~ 0.05% peptone | 8650 8700 

ee " 0.05% a +0.24 mm _ hista- 
mine... ms sears | 8690 | 8700 


monium hydroxide. The zine in this solution was estimated 
according to the method of Sahyun (9). The zine content of one 
preparation of carbonic anhydrase on duplicate estimations was 
found to be 0.14 and 0.16 per cent. On a second preparation of 
carbonic anhydrase, which was prepared in a manner similar to 
the former preparation and which was equally active, the zine 
content on duplicate estimations was 0.14 and 0.14 per cent 
respectively. 

Although the amount of zine in our preparations of carbonic 
anhydrase was less than half the commonly accepted values, 
attempts were made to reduce still further the metal content of 
these preparations. Approximately 0.4 gm. of carbonic anhydrase 
was dissolved in 15 ee. of water and electrodialyzed for 3 hours at 
100 volts and 3 milliamperes in an apparatus similar to that de- 
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scribed by Collier (10). The dialyzed enzyme was then frozen 
and dried in vacuo in a desivac machine. The zine content of 
a 210 mg. sample was 0.17 per cent. The physiological activity 
of the enzyme was 7200 units per mg. A second sample of ap- 
proximately 0.6 gm. of the enzyme was dissolved in 30 cc. of 
distilled water. To it were added 2 cc. of aluminum Cy gel 
containing 16 mg. of dry substance per cc. and the mixture was 
placed in a refrigerator. Additional 2 cc. quantities of the ad- 
sorbent were added on each of 5 successive days. The reaction 
of the mixture was pH 7.3. The mixture was then centrifuged 
and the supernatant liquid decanted and dialyzed for 24 hours in 
distilled water. The enzyme solution was then frozen and dried 
in vacuo and zine and enzyme activity estimations were made. 
The zine content on duplicate samples was 0.15 and 0.18 per cent 
respectively. The activity was 8500 units per mg. A second 
sample of 0.5 gm. of the purified enzyme was similarly treated 
with aluminum Cy gel at pH 6.9. After centrifugation the super- 
natant liquid only contained about one-third of the physiological 
activity. This solution was dialyzed and then frozen and dried 
in vacuo. The activity was 8000 units per mg. and the zine con- 
tent 0.15 per cent. 


DISCUSSION 


The enzyme carbonic anhydrase was first identified as a zinc- 
containing protein by Keilin and Mann (11). The protein nature 
of this enzyme has been further confirmed by certain qualitative 
and quantitative determinations reported in the present communi- 
cation. It is of interest to note that the cystine and tyrosine 
content of the enzyme is rather low, particularly when compared 
with that of another well known zinc-containing protein, crystalline 
insulin. 

Meldrum and Roughton (3) reported that solutions of the en- 
zyme were stable between the reactions pH 3 and 12. The results 
presented here would confirm the marked stability of the enzyme 
in alkaline solutions, but indicate that the enzyme is quite un- 
stable in acid solutions (Table I). However, a great part of the 
enzyme activity can be regenerated from the acid-inactivated 
enzyme solution if it is suitably diluted with 0.05 per cent peptone 
and is allowed to stand for some hours (Table II). The inactiva- 
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tion of the enzyme would not appear to be due to acetylation, since 
a similar effect was obtained when the enzyme was inactivated 
with hydrochloric acid at pH 3. Nor are we inclined to think 
that the phenomenon can be explained by the acid forming an 
addition compound with the enzyme. In other experiments after 
inactivation of the enzyme at pH 3 the preparation was adjusted 
to pH 7.7 and then suitably diluted. Again only a slow recovery 
of enzyme activity was obtained. We are thus inclined to believe 
that the inactivation of the enzyme by acid has been caused by 
some intermolecular change in the enzyme molecule. 

The experiments with histamine (Table III) indicate that this 
amine has a slight effect in increasing the activity and the stability 
of dilute solutions of the enzyme. Numerous other comparatively 
simple substances have been reported by Leiner and Leiner (12) 
as activators for carbonic anhydrase. We regard all these sub- 
stances as acting more as stabilizers than activators, since their 
effect in increasing the enzyme activity is small in comparison 
with that of peptone or of certain proteins. 

Before zinc estimations were conducted on the enzyme, analyses 
were made on a sample of zinc-insulin crystals with the same tech- 
nique as was used in estimating the zine in the enzyme. Duplicate 
results agreed within 4 per cent. Moreover these results were 
in good agreement with the estimated metal content of the crystals 
as calculated from ash determinations. Along with each estima- 
tion of the zine content of an unknown sample it was routine pro- 
cedure to determine likewise the zinc content of a standard zinc 
solution. Thus some confidence can be placed in the results 
which were obtained. It might be argued that, since the zine 
content of our enzyme preparations was only about one-half that 
of preparations reported by Keilin and Mann (2) and by Hove 
et al. (13), care was not taken in the present instance to prepare 
a reasonably pure product, particularly in so far as the removal 
of zine-free impurities is concerned. In the matter of purity of 
the product, however, it should be noted that, irrespective of the 
fact that our preparations contain only half as much zine as pre- 
vious products, the preparations herein described exhibit in dilute 
peptone solutions about 4 times and in peptone-free solutions 
about 2 times the activity reported by Keilin and Mann for their 
preparations. Thus our results when considered in conjunction 
with those of other workers might indicate that the physiological 
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activity of carbonic anhydrase is not directly proportional to the 
zinc content of the preparation. Some support to this is given 
in the work of Hove et al., since they obtained an enzyme prepara- 
tion having 0.51 per cent zinc in which the ratio of zinc to specific 
activity was very low. Since aluminum Cy gel was very effective 
in removing the copper-containing protein hemocuprein, it was 
thought it might also be useful in absorbing zinc-containing im- 
purities if such were present. However, even when conditions 
were so chosen that a large proportion of the enzyme itself was 
adsorbed there was no apparent decrease in the zinc content of 
the product. Electrodialysis likewise did not reduce the zine 
content of our preparation. 


SUMMARY 


The protein nature of highly purified preparations of carbonic 
anhydrase is further established. The cystine and tyrosine con- 
tents of the enzyme are about 1.3 and 4.1 per cent respectively. 
The enzyme is remarkably stable in alkaline solutions, but is 
readily inactivated in an acid medium. A great part of the ac- 
tivity, however, can be recovered. The zine content of our purified 
preparations of enzyme is approximately 0.15 per cent, which is 
only about one-half the value reported by other workers. The 
significance of these results is discussed. 


The authors wish to thank Mr. A. H. Lacey of the Insulin Com- 
mittee Laboratory for assisting with the zinc estimations. 
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(From the Laboratories of The Rockefeller Instituie for Medical Research, 
New York) 


(Received for publication, April 8, 1941) 


Attempts to develop a satisfactory method for the estimation 
of inositol in natural products have been made for more than a 
generation. The various procedures which have been used were 
summarized by Young (1) and by Winter (2). These methods 
relied wholly or in part on the isolation of the compound. Such 
procedures required the use of large samples of tissue and were 
laborious and time-consuming. In addition, it has recently been 
shown, at least for liver tissue (3), that isolation techniques did not 
permit quantitative recovery. The demonstration of the vitamin 
activity of inositol (3, 4) has made it desirable that a reliable micro- 
method be developed, so that studies of metabolism of this substance 
as well as quantitative investigation of its occurrence in foodstuffs 
could be made. It seemed possible that the observation of East- 
cott (5), that certain strains of yeast required inositol for growth, 
could be made the basis of a suitable procedure. 

A biological method for the estimation of a given compound in 
natural products must meet certain requirements. Some of these 
requirements which apply particularly to methods based on growth 
of yeast deserve consideration. A basal medium must be available 
in which little or no growth occurs in the absence of the substance 
under investigation but which supports as good growth when this 
substance is added as can be obtained with tissue extracts. If the 
sample contains material which causes the organism to grow better 
than it does in the basal medium plus adequate amounts of the 
chemical under examination, the results of assays of such a sample 
may be erroneous. Furthermore, the value computed by noting 
the effect of small additions of a preparation should agree closely 
with that obtained by noting the effect of larger additions. If the 
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value becomes progressively greater or smaller as more material 
is added, the method cannot be held reliable. In addition, it 
must be possible to recover accurately any known amount of sub- 
stance which has been added to the product under examination. 

From the standpoint of specificity, inositol presents a unique 
problem among water-soluble vitamins and the facts in this respect 
must be taken into consideration. In contrast to the other vita- 
mins whose close chemical relatives have not been found in nature, 
it is known that several isomers and derivatives of inositol occur 
naturally. The activity of these various forms for yeast as well 
as for higher animals must be known if an accurate estimate of 
vitamin potency is to be based on yeast response. It has been 
shown in this laboratory (6) that of the naturally occurring inositols 
only the meso variety is active for either yeast or mice. While the 
esters of inositol are active for mice, they are inactive for yeast. 
Since inositol esters such as phytin and soy bean cephalin occur 
naturally, it is obvious that if the results obtained with yeast are 
to reflect vitamin potency of the product for animals, some form 
of hydrolysis must be performed before the analysis is begun. 

The removal of inositol from an extract of a natural product 
without also simultaneously removing other as yet unidentified 
yeast growth factors is a difficult task. It is well known (7) that 
yeast grows much better in an extract of tissue than in a mixture 
of all known growth substances. 

Attempts to use the basal medium employed by Easteott (5) 
were not entirely successful. In no case was it possible to obtain 
as good growth as in an extract of malt sprouts. A more serious 
objection was that at times the addition of inositol had no de- 
tectable effect, while at others it gave good responses. A solution 
of the problem was finally found as a result of experiments with a 
new growth factor required by some hemolytic streptococci. 
Woolley (8) has shown that this substance stimulated the growth 
of yeast and that it occurred in extracts of tissues in a non-dialyz- 
able form. By dialysis of aqueous extracts of rice bran or of liver, 
it was possible to free them of inositol and yet retain the unknown 
growth factors. By addition of such a preparation to a mixture of 
glucose, inorganic salts, amino acids, and all the known growth 
factors, a medium was produced which supported practically no 
growth of yeast under the test conditions. When optimal amounts 
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of inositol were added, practically as good growth was obtained 
as in an extract of malt sprouts. In order to assure completeness 
of the medium, the bios II concentrate of Lucas (9) was also added. 

It should be pointed out that the stimulation produced by 
inositol was only observed to a marked degree when the basal 
medium was otherwise complete for optimal growth of yeast. 
For example, while the organism grew at a fair rate in the medium 
of Easteott, consistent and marked stimulation by inositol was 
not observed until pantothenic acid, biotin, and the non-dialyzable 
fraction were added to this medium. It is possible that the 
failure of some investigators to observe the effect of inositol was 
due to a multiple deficiency in the basal media which they em- 
ployed. 

The method which will be described in this paper has given re- 
producible results when applied to a wide variety of biological 
materials. Its reliability is indicated not only by the data quoted 
in the experimental section but also by the observation that over 
a period of 3 months it has given nearly identical values when 
applied to the same material. 


EXPERIMENTAL 


Vitamin-free casein was hydrolyzed by heating it in an autoclave 
at 15 pounds pressure for 16 hours with 7 N sulfuric acid and the 
acid was removed from the hydrolysate with barium hydroxide. 
The filtrate from the barium sulfate was adjusted to pH 6 with 
NaOH. An aliquot of this hydrolysate equivalent to 2.5 gm. of 
casein was mixed with 100 gm. of glucose, 8.3 gm. of NHsNQs, 
4.2 gm. of KHsPO,, 2.1 gm. of MgSO,-7H:,O, 0.7 gm. of 
CaCl,-6H,O, and approximately 300 ec. of H,O and heated in an 
autoclave (15 pounds pressure for 15 minutes). The precipitate 
which formed was removed and to the filtrate was added the non- 
dialyzable portion of 10 gm. of rice bran extract! (vitab). This 
latter preparation was made by dissolving rice bran extract in 
water and dialyzing against running water for 48 hours. The 
mixture of growth factors described below was added, followed by 
the concentrate of bios II described by Lucas (9) equivalent to 10 

! We wish to thank Dr. A. E. Briod of the National Oil Products Com- 
pany for this material. It was used in preference to liver extract, because , 
it did not form a precipitate when heated. 
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gm. of malt sprouts. The volume was then adjusted to 500 ce. 
and the solution was preserved with toluene. The growth factor 
mixture was composed of 0.5 mg. of thiamine, 0.5 mg. of riboflavin, 
0.5 mg. of vitamin Beg, 1 mg. of nicotinic acid, 2.5 mg. of choline 
chloride, 1 mg. of pimelic acid, 5 mg. of asparagine, 0.05 mg. of 
biotin,? 0.5 mg. of sodium pantothenate, 2.5 mg. of uracil, and 2.5 
mg. of adenine. 

Organism—The Hansen No. 1 strain of Toronto yeast (Sac- 
charomyces cereviseae) was maintained on slants of the basal 
medium plus an aqueous extract of malt sprouts (extract of 10 
gm. of malt sprouts per 100 cc. of medium). The organisms were 
transferred to liquid medium of the same composition and grown 
for 24 hours at 30°. The cells were then collected by centrifuga- 
tion and washed three times with sterile phosphate buffer. They 
were then suspended in a volume of buffer 20 times that of the 
original culture. 1 drop (0.05 ce.) of this suspension was used for 
inoculation of each flask. This inoculum introduced about 70,000 
cells whose dry weight was approximately 7 y. 

Preparation of Solutions for Assay—A quantity of material ex- 
pected to contain approximately 20 y of inositol was refluxed in 18 
per cent hydrochloric acid for6 hours. Many times it was conven- 
ient to use larger samples and to conduct the final estimation with 
aliquots. With moist samples or solutions enough concentrated 
hydrochloric acid was used to produce a concentration of acid 
in the mixture of 18 percent. After the hydrolysis was completed, 
the solution was then concentrated under reduced pressure to 
dryness, taken up in water, neutralized with sodium hydroxide, 
filtered, and adjusted to a volume such that 1 ec. contained ap- 
proximately 2 y of inositol. 

Assay Procedure—5 cc. portions of the basal medium were placed 
in 50 cc. Erlenmeyer flasks. Aliquots of the sample prepared 
as above were added to various flasks in order to cover the range 
of 1 to 0.1 y of inositol per cc. in the final solution. At the same 
time a series of flasks was prepared which contained 10 to 0.05 y 
of inositol per cc. Enough water was added to each flask to 
produce a final volume of 11 ec. The flasks were sterilized in an 

? Biotin was supplied as a concentrate which contained | per cent biotin. 
It was prepared by the method of Woolley et al. (10). In some instances 
crystalline biotin was substituted without affecting the results. 
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autoclave (15 pounds pressure for 15 minutes), inoculated, and 
placed in a water bath at 30° for 16 hours. The contents of each 
flask were then examined quantitatively for turbidity in an Evelyn 
photoelectric colorimeter. The general procedure for use of 
this instrument in such work has been described (11). A standard 
curve was drawn relating colorimeter reading‘ (turbidity) to micro- 
grams of inositol. Such a curve is shown in Fig. 1. From this 
curve the quantities of inositol in the various dilutions of the 
unknown were determined and an average of these values gave the 
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Fic. 1. Relationship between colorimeter readings (turbidity) and ino- 
sitol content of the medium. 


inositol content of the sample. In Table I the values obtained 
with different dilutions of a hydrolysate of oats are shown in order 
to demonstrate the order of precision obtainable. Each time that 


8’ It was found essential to maintain constant temperature in all flasks. 
Variations of 1 degree vitiated the results. For this reason, a water bath 
was used in preference to the usual type of incubator in which variations in 
temperatures frequently are observed in different parts of the cabinet. 

* It was possible to relate colorimeter readings directly to the dry weight 
of the cells. For example, a smooth curve was obtained when the colorim- 
eter readings of various yeast suspensions were plotted against the weights 
of yeast contained in these suspensions. However, no advantage was 
gained by the use of weight in place of turbidity and it was considered 
advisable to employ the data obtained by direct observation. 
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a series of assays was performed, the dilutions of pure inositol 
were included and a standard curve constructed from the values 
obtained. Although the standard curves plotted from data ob- 
tained at different times were practically identical, it was thought 
that the chance of error would be reduced by following the pro- 
cedure described. 


TABLE I 


Values Obtained in Single Determination with Various Dilutions of 
Hydrolysate of Oats 


Weight of sample in aliquot Inositol found Inositol content 
mg. Y ¥ per mg. 
5.0 5.0 1.0 
2.5 2.0 0.8 
1.0 1.0 1.0 
0.5 0.5 1.0 


TABLE II 
Inositol Content of Various Materials and Recovery of Inositol Added to These 
Materials 
All analyses were based on the dry weight. The values recorded in the 
second column are averages of at least three determinations. 


: Recovery 
Material | ————__— 
men by Inositol added | Inositol found 
y permg. | 7 Y Y 

Corn 0.50 2.8 2.0 4.8 

Oats 1.0 1.5 1.0 2.5 

Alfalfa leaf meal 2.1 2.1 2.0 4.0 
Beef liver 3.4 

** heart ; 16.0 | 8.0 2.0 10.5 

Brewers’ yeast 5.0 2.5 2.0 4.5 

2.0 2.5 


Whole milk. ae 0.50 0.5 


In order to determine whether maximal growth was obtained 
with the highest concentration of inositol standard, a flask was 
included in each run to which had been added the aqueous extract 
of 100 mg. of malt sprouts. Experiments showed that this extract 
supplied more than 10 times the quantity of accessory factors 
required for optimal growth. During the incubation period of 



































D. W. Woolley 459 


16 hours, the flasks which contained the optimal concentration 
of inositol developed a colorimeter reading of approximately 40; 
the flask of malt sprouts showed a reading close to 34. 

Recovery of Inositol—In order to test the specificity of the method 
in a different way, inositol was added to various natural products 
and the per cent recovered was determined. In Table II the 
content of inositol in various biological materials of widely sepa- 
rated origin is shown. The recovery of inositol added to these 
materials is also recorded. In order to test the completeness of 
hydrolysis of inositol esters, crystalline sodium phytate was added 
to various materials before the analysis was performed. For 
example, a sample of corn which had been found to contain 2.6 mg. 
of inositol was combined with 2.1 mg. of inositol as sodium phytate 
(20.5 mg.). Duplicate analyses of the mixture gave 5.0 and 5.0 
mg. of inositol, respectively. 


SUMMARY 


A method for the estimation of inositol in small quantities of 
natural products has been developed. This method relied on the 
fact that yeast requires inositol for growth. A basal medium was 
developed which supported practically no growth under the ex- 
perimental conditions. When inositol was added, in optimal 
amounts, as good growth was obtained as in malt extract. Graded 
amounts of inositol produced graded growth responses. A number 
of natural products have been analyzed for inositol and it has been 
shown that inositol or sodium phytate added to these materials 
may be quantitatively recovered. 
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Since it has been shown (1, 2) that inositol will cure alopecia 
in mice which have been fed a diet devoid of this factor, a study 
of the antialopecia action of related compounds seemed advisable. 
Such a study of specificity was of special interest in the case of 
inositol, because this substance presents a unique case among 
water-soluble vitamins. While close chemical relatives of the 
other vitamin B factors have not been found in nature, it is known 
that several isomers, and derivatives of inositol, occur in natural 
products. Inositol acts not only as a vitamin for the mouse, but 
Eastcott (3) has shown that it is a growth factor for certain strains 
of yeast. A comparison of the activity of various compounds for 
mice and for yeast would be of value from the standpoint of com- 
parative biochemistry. It is also of importance if the effect on 
yeast is to be used as a basis for a quantitative method for inositol 
(4). A study of the activity of various related compounds may 
serve to indicate possible metabolic pathways in the metabolism 
of a vitamin. The recent work of Saunders et al. with nicotinic 
acid (5) has demonstrated what can be accomplished by such an 
approach. For the various reasons which have been indicated, 
a study of the activity of several compounds closely related to 
inositol has been made in which both mice and yeast were used 
as test organisms. 


EXPERIMENTAL 

Sources of Compounds —The substances which were used in this 

work were obtained in the following manner. Inositol, phytin, 

and quercitol were highest purity materials obtained from chemical 

supply houses. Sodium phytate was made by the method of 
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Posternack (6). Quebrachitol, the monomethy] ether of /-inositol, 
was kindly supplied by Dr. J. MeGavack of the United States 
Rubber Company, who had isolated it from rubber latex. Pinitol, 
the monomethy] ether of d-inositol, was obtained in part from Dr. 
i. G. Sherrard, of the Forest Products Laboratory, and in part 
by isolation from redwood as described by Sherrard and Kurth. 
(7). These ethers were hydrolyzed with concentrated HI to 
yield J-inositol and d-inositol. Mytilitol, which is believed to be 
methyl] inositol, was isolated from mussels by following the diree- 
tions of Daniel and Doran (8). Quinic acid, tetrahydroxyhexa- 
hydrobenzoic acid, was a commercial sample sent us by Dr, 
H. O. L. Fischer of the University of Toronto. Inositol hexa- 
acetate was prepared by the acetylation of inositol. Cephalin, 
which has been shown to yield inositol monophosphate when 
hydrolyzed (9), was prepared from commercial soy bean phos- 
phatides' by precipitation from solution in petroleum ether first 
with acetone and then with alcohol. Each precipitation was 
repeated four times. Hydrolysis and fractionation of this product 
according to the directions of Klenk and Sakai (9) yielded the 
crystalline brucine salt of inositol monophosphate. This was 
converted to the barium salt and then to the sodium salt for assay. 
The barium salt of inositol tetraphosphate was made as described 
by Anderson (10) and converted to the sodium salt for assay. 
Inosose was prepared by the oxidation of inositol, as described by 
Posternack (11). It was purified by conversion to the phenyl- 
hydrazone and regeneration of the free sugar. All samples were 
examined for purity by determination of their characteristic 
properties and comparison of these with the values recorded in 
the literature. 

Assay Procedure with Mice—The general procedure for the assay 
with mice has been described (12, 2). In order to insure that 
erroneous results would not be obtained because of the frequent 
spontaneous cures which occur (13), animals were not used for 
assay until they had been hairless for at least 2 weeks, and a large 
number of negative controls were maintained on the basal diet. 
If more than one of the controls exhibited spontaneous cure, the 
assay was discarded. This procedure was possible, since most 
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1 Kindly supplied by Dr. A. Scharf of the American Lecithin Company. 
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spontaneous cures appeared during the first 2 or 3 weeks after the 
onset of alopecia. Those animals which did not show improve- 
ment within 4 weeks from the time treatment was begun were given 
jnositol in order to verify their ability to respond to an active sub- 
stance. If a substance did not bring about a cure in 4 weeks, it 
was considered to be inactive. A purely synthetic mixture of 
water-soluble vitamins was used in all tests (Diet S (2)). In 
Table I the results of the tests with the compounds are summarized. 


TABLE I 
Activity of Compounds Related to Inositol for Mice and for Yeast 

















| Curative effect on mice Effect on yeast 
Compound == compared to 

Amount fed Result inositol 

mg. part ony gm. per cent 
a. ee Active 100 
*Phytin.. vi 100 ? <i 
Sodium phytate | <l 
l-Inositol. . we 200 Inactive <1 
d-Inositol | 200 oo <1 
Quercitol | 200 | " <1 
Quebrachitol | 200 <1 
Pinitol . .. 200 = <1 
Mytilitol 200 Active 10 
Quinie acid.. <1 
~Soy bean cephalin 2000 Active <1 
Inositol hexaacetate 900 ~ <1 
a monophosphate . 5 
_ tetraphosphate. wate 2 
Inosose... hee <1 





* Since phytin was active, a trial of sodium phytate and the other 
phosphoric acid esters of inositol did not seem justified. The case 
of /-inositol requires some explanation. In one of the animals, 
hair was restored but the mouse still suffered from large sores 
on the back, and soon died. Another of the animals seemed to 
improve and then to relapse. Two additional mice were not 
helped by the compound. It was therefore concluded that 
l-inositol was ineffective, although it may possess slight activity. 

Assay Procedure with Yeast—In the beginning the basal medium 
described by Eastcott (3) was used to demonstrate the effect of 
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inositol. The Hansen No. 1 strain of Toronto yeast was the 
organism employed. While in many instances the growth factor 
effect of inositol could be demonstrated, at times the yeast grew 
as well in the absence of inositol as in its presence. It was found 
that, by addition of pantothenic acid and biotin, this difficulty 
could be eliminated. The basal medium then was that described 
by Eastcott to which had been added 1 y of pantothenic acid and 
0.01 y of biotin (1 y of the concentrate described by Woolley 
et al. (14) per ce.). The medium was contained in 50 ce. Erlen- 
meyer flasks and the total volume in each flask was 11 cc. The 
inoculum was | drop of a 24 hour culture of the Toronto yeast 
which had been grown in the basal medium plus an extract of malt 
sprouts, washed three times, and diluted 20 times. This inoculum 
introduced about 70,000 cells. The flasks were placed in a water 
bath at 30° for 24 hours and the turbidity of the contents of each 
was determined quantitatively in an Evelyn photoelectric colorim- 
eter. In each series which was set up, a number of flasks were 
included which covered the range 0.1 to 1.0 y of inositol per ce. 
A plot of colorimeter readings against weights of inositol gave a 
smooth curve. From this curve the effectiveness of a test sub- 
stance in replacing inositol was accurately determined. It was 
necessary only to find the colorimeter reading produced as a result 
of adding the substance. In the last part of the work the improved 
basal medium described by Woolley (4) was used. In Table I 
the activity of various compounds is shown. A compound was 
judged to be inactive if it was less than 1 per cent as effective as 
inositol. All comparisons were made on the basis of molecular 
weight; that is, if a compound was found to be 2 per cent as active 
as inositol, 50 gm. molecules of the substance produced the same 
effect as 1 gm. molecule of inositol. 
DISCUSSION 

It is obvious from the results of the tests with both mice and 
yeast that the same type of specificity obtains with mesoinositol 
as has been found to exist with other vitamins. Apparently 
only those compounds are active which can readily form inositol. 
The naturally occurring isomers of inositol and those related 
compounds which are derived from it by substituting one or two 
hydrogen or hydroxyl groups with other radicals are not active. 
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It is only necessary to call attention to the inactivity of quercitol, 
jnosose, and quinic acid. The case of mytilitol deserves considera- 
tion. It will be noted that this substance showed activity for 
mice, and was 10 per cent as active for yeast as was inositol. 
Since this compound was isolated from a natural product, it is 
possible that it owed its activity to contamination with inositol. 
It seems improbable, however, that 10 per cent of an impurity 
could escape detection by its effect on the melting point. The 
inactivity of inosose makes it appear doubtful whether this oxida- 
tion product of inositol is an intermediate in the metabolism of 
the vitamin. 

The only difference in response between mice and yeast seemed 
to be with the esters of inositol. Thus while phytin, soy bean 
cephalin, and inositol hexaacetate were effective in the test with 
mice, these substances, and in addition the mono- and tetraphos- 
phates of inositol, were inactive in the yeast test. Sodium phytate 
was tested with yeast in order to determine whether the insolubility 
of phytin was contributing to its inactivity. The data are most 
readily integrated by the assumption that yeast was unable 
to hydrolyze the esters employed, and that these esters are not 
the forms in which inositol enters into cellular metabolism. In 
this connection the slight potency of the tetraphosphate is of in- 
terest. The synthetic product probably contained a number of 
isomeric forms, and it is possible that one of these may be more 
effective. The occurrence of inositol in soy bean cephalin (9) 
and the activity of this preparation demonstrate that antialopecia 
potency may reside in fat-soluble material. 


SUMMARY 


The ability of substances related to mesoinositol to replace this 
compound in the nutrition of the mouse and of yeast has been 
examined. It was found that d-inositol, /-inositol, pinitol, que- 
brachitol, and quercitol were inactive for both species. Inositol 
hexaacetate, phytin, and soy bean cephalin were effective for mice 
but not for yeast. Quinie acid and inosose were not tested with 
mice but were not effective for yeast. Mytilitol possessed some 
activity for both organisms, while the mono- and tetraphosphates 
of inositol were respectively 5 and 2 per cent as potent for yeast 
as inositol. 
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In the preceding paper (1), data were given for the changes in 
water and electrolyte distribution in skeletal muscle in normal 
animals following an experimental increase in body potassium 
and total body water. Data on normal dogs having been com- 
puted, it was logical to study next a series of similar measurements 
on dogs in which the kidney function had been impaired by ex- 
perimental hydronephrosis. , 

Since the rate of excretion of potassium by normal dogs is 
generally very rapid, there seemed to be a possibility that if the 
kidney function was impaired the rate of excretion of potassium 
would be decreased and consequently the concentration of the 
potassium in the body increased. In this report, therefore, data 
will be presented on the electrolyte changes and also on the phase 
volumes of skeletal muscle, both previous to and following an 
increase in total body water and potassium in two groups of dogs— 
one group in which each animal possessed a single hydronephrotic 
kidney, the opposite normal kidney having been removed, and 
the other group in which both kidneys were hydronephrotic. 
These data will be compared with those of normal animals re- 
garded as controls. 


EXPERIMENTAL 


The dogs used in these experiments were maintained in metab- 
olism cages throughout the long period of experimentation. The 
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physiological procedures used here have been described in previous 
reports (2, 3). The hydronephrotic animals were classified into 
two groups; Group I, each dog possessing only the single hydro- 
nephrotic kidney in a chronic stage of hydronephrosis, and Group 
II, each dog possessing two hydronephrotic kidneys. Since the 
experimental production of the hydronephrosis in the animals of 
Group I has already been described (4), only the production of 
the double hydronephrosis will be considered here. Normal dogs 
weighing from 10 to 15 kilos were used for all operations. Nem- 
butal anesthesia and aseptic surgical technique were employed. 
One kidney was brought outside the split muscle layers through 
an incision about 3 cm. below and parallel to the left costal margin. 
The ureter was partially constricted about 4 cm. from the uretero- 
pelvic junction with a suture of No. 1 chromic catgut, and the 
kidney replaced (4). 10 to 14 days later an incision was made 
on the opposite side and a Goldblatt clamp placed on the opposite 
dissected ureter about 4 cm. from the ureteropelvic junction 
without disturbing the kidney. The clamps had a possible three 
to three and one-quarter turns. After the clamp was placed on 
the ureter, it was turned down from three-quarters to one full 
turn, the amount depending upon the size of the ureter. For 3 
consecutive days the animal was given intravenous injections of 
300 ec. of isotonic NaCl containing 10 per cent glucose, after which 
the dog usually began to take some food. During the 3 day post- 
operative period the dog refused to eat and excreted only small 
volumes of urine. 

The progress of the hydronephrosis in all dogs was studied by 
intravenous urography with diodrast (4). When renal impair- 
ment had advanced to the stage in which urographic shadows could 
not be obtained after an interval of 1 hour between injection and 
exposure, the injection experiments were performed. 

For the injection experiments, all of the dogs were anesthetized 
with sodium barbital as in previous experiments (2). The pro- 
cedures for the removal of blood and muscle and for the injection 
of the potassium solutions have been given in the preceding paper 
(1). Continuous blood pressure tracings were recorded from the 
carotid artery throughout the injection period. Urine was also 
collected continuously by an indwelling catheter. 

All of the three groups of animals, including the normal controls, 
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received intravenous injections of 170 cc. per kilo of body weight 
of an isotonic salt solution consisting of 129 mm of NaCl + 25 mm 
of KHCO; as follows: Group I, nine animals with a single hydro- 
nephrotic kidney; Group II, eight animals with both kidneys 
hydronephrotic; and the control group, twelve normal animals. 

The chemical methods for the blood and tissue analyses were 
the same as those used in the former studies (2). Both whole 
blood and serum were analyzed for water, sodium, potassium, and 
chloride. Cell volume was also determined. The muscle was 
analyzed for water, chloride, sodium, potassium, total neutral fat, 
and content of blood. All muscle analyses were corrected for 
neutral fat and circulating blood. 

After the analytical data from muscle were corrected for neutral 
fat and blood, the phase volumes of the skeletal muscle were 
calculated by the equation 
(CD a X (H20), X 1000 


(F) = Sheets ; 
1.04 X (CD, 


in which (Ff) represents the amounts of extracellular phase per 
kilo of muscle and the subscripts M and s represent muscle and 
serum, respectively. From the value for (F), the intracellular 
phase (C) of 1 kilo of original muscle was estimated by the equa- 
tion (C) = 1000 — (F). 


Results 


Analyses of Serum and Muscle in Experimental H ydronephrosis— 
The results of the analyses of serum and skeletal muscle from 
normal and experimental hydronephrotic dogs are given in Table 
I. All tissue analyses are expressed in terms of fat-free, blood- 
free tissue. The chloride, sodium, and potassium contents of the 
serum and muscle of dogs with the single hydronephrotic kidney 
were not different from those found in normal dogs. The muscles 
from the dogs having both kidneys hydronephrotic showed a 
higher content of sodium and chloride and a lower content of 
potassium than those of the normal animals. 

The total water content of the muscle from all dogs was the 
same. The proportion of extracellular fluid (/) and the intracel- 
lular water {H,O}. of the dogs with a single hydronephrotic kidney 
was the same as in the normal animals, while the average extra- 
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cellular fluid of the dogs having both kidneys hydronephrotic 
was 36 per cent greater than the average of the normals. At 
the same time, the sodium to chloride ratio did not change, indi- 
cating that the additional fluid which had been added to the muscle 
was of normal sodium and chloride concentration. As the extra- 
cellular fluid inclined to increase, the water concentration of the 
intracellular phase decreased significantly from a normal value of 
73.6 to 70.8 per cent. 


TABLE I 
Average Analyses of Skeletal Muscle and Serum of All Dogs 
(F) = gm. of extracellular phase per kilo of muscle 
{H,O}., = “ “ water per kilo of intracellular phase 


o standard deviation 
The muscle values are corrected for fat and blood. 





Hydronephrosis ray H:O cl | Na | K (F) | {HO}. 
. | ‘ gm. per 
gn —" | m gag | m ad m _" go” "eg ha. per 
None, normal | Serum | 20 | 922.0 | 107.1 | 141.2| 3.95 
dogs o | 5.1] 2.3] 3.5| 0.40 
Musele | 20 | 775.0 18.41; 29.0/ 98.4 | 154 | 736 
a 8.6 3.6 6.0) 7.5 7 | 9 
Single, 1 kid- | Serum 9 | 921.2 | 107.0 | 142.5 | 3.93 
ney removed! ¢ 6.2; 1.7 2.8) 0.48 
Muscle | 9 | 773.8! 18.61 28.2) 94.8 | 154 | 733 
go 6.9 3.9 6.1 7.0 30 7 
Double Serum 8 | 919.5 | 103.8 | 141.0 4.17 
o 4.0 4.4 4.8! 0.37 
Muscle S |} Fea.2 24.47 34.6 | 90.0 209 708 
o 8.9 2.9 3.9| 4.0 28 { 


Muscle Changes in Hydronephrotic Dogs Following Injections of 
Isotonic Potassium Solutions—In Tables II and III, the results 
both preceding and following the increase in total body water and 
potassium are presented in detail for one representative experi- 
ment from each group of experimental animals. The control data 
on dogs with normal kidneys have been reported in a previous 
paper ((1) Table IV). In all of the animals, both normal and 
hydronephrotic, the total body water and body potassium were 
increased by the intravenous injection of an isotonic salt solution 
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containing 25 mm of KHCO; + 129 mm of NaCl. In all animals 
the speed of injection was the same (32 to 35 cc. per minute). 
Although most of the animals with kidney damage received 170 
ee. of the injection solution per kilo of body weight, some could 
not tolerate this amount because of toxic heart reactions, and the 


TABLE II 


Animals with Single Hydronephrotic Kidney. Changes in Blood and Muscle 
after Injection of Normal Isotonic Potassium Solutions 


Solution, 129 mm of NaCl + 251 mo of KHCOs. 


Dog 137; weight 12.0 kilos; 2040 cc. injected; peritoneal fluid 
81 ce.; urine 850 ce. Bloodiprewure control 90 mm.; final, 120 mm. 





| pH | CO: | HO| | Na | K | Pro- | Blo (F) 


tein 
mM | gm. mM | mM ™M gm. ‘lee. od 
per l. \per kg.) per kg. \per kg. per kg. per kg.| kg. 
Serum. Initial | 7.42 25.61 927..1/108.5 136.5) 4.35 52.7 
Final 7.52 | 22.78/940.6112.5 141.5) 6.22) 40.7) 
{ | | 
, Cc 
| Sp. ar. 2.2 | 
|per cent | 
Blood.* Initial......| 1.042) 44.5 |802.6| 88.0 |118.6, 6.00) 
Final. | 1.046 46.7 |803.5 92.2 117.8 5.68) 
s ghey | 
Peritoneal fluid per 
liter 124.2 |145.6 6.65) 19.7) 
Urine per liter 115.6 114.427.00 


Muscle values corrected for tots " neutral fat 


Muscle. Initial 770.8 23.15) 33.1178. 7 | B4 | 190 
Final 786.0, 30.18) 37.288. 3 | | 59 | 243 





bunaie’ Vi shes s corrected for fat on blood 


Muscle. Initial... . 770.0 19.50 28. 3/83. 1 160 
Final. 786.0, 26.35, 32.2/93. 7 | 212 





* The concentrations are expressed in mm per liter. 


injection had to be stopped. Also, when the renal function of the 
dogs was decreased to such an extent that the volume of urine 
passed during the injection period was low, there was toxic heart 


reaction. 
The control blood pressures of the dogs with a single hydro- 
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nephrotic kidney were within limits of normal blood pressures 
(100 to 140 mm. of Hg), but control blood pressures of the dogs 
with both kidneys hydronephrotic were generally high (160 to 
180 mm. of Hg). In all of the hydronephrotic animals, there was 


Taste III 
Animals with Both Kidneys Hydronephrotic. Changes in Blood and Muscle 
after Injection of Normal Isotonic Potassium Solutions 


Solution, 129 mm of NaCl + 25 mm of KHCO;. 








Dog 127; weight 10.6 kilos; 1802 cc. injected; peritoneal fluid 
(88 cc.; urine 470 ce. Blood pressure, control 165 mm.; final, 180 mm. 





| pH | CO: “Ho | cl Na | K | Pro- | | Blood| (F) 





























| tein | 
: | ay 2%, | mM | mM mar | gm er Fa 
| perl. |per kg.) per kg. |per kg.|per kg. perk. | 
Serum. Initial.......| 7.42 | 25.5 |914.2/104.4 pa 8| 4.21) 62.8) 
Final. | 7.53 | 21.5 |938.6/116.4 |146. 5| 5 5.42) 30.8) 
j aes 4 F | | 
| | Sp. gr. volunme| | | | 
a | | 
| per cent| | 
Blood.* Initial.....| 1.048) 43.4 |802.2) 87.5 122.3 5.40 
eee | 1.041) 36.4 (832.3) 99.2 129.5, 6.48 
Peritoneal fluid per | | | 
liter Sao 1124.8 |155.8) 6.23) 15.8 
Urine per liter | 114.2 121.135.88 
Muscle values corrected for total neutral fat 
Muscle. Initial . . 1782.5) 33.45) 46.1|77.7 61 | 284 
Final..... 800. 9 39.80) 46.9,86.4 | 64 | 304 
Busdie values corrected for fat and blood 
Muscle. Initial 782.0) 30.00 41.0'82.6 253 
Final 800.1) 35.85 | 41.3)92.1 | | 274 








* The concentrations are expressed i in mM per liter. 


an increase of 10 to 30 mm. of Hg in the blood pressure during and 
following the injection of the potassium solutions. 

Muscle Phase Volume—From such data as are given in Tables 
II and III, the muscle phase values with standard deviations were 
calculated, the summary being given in Table IV. For each 
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TaBLe LV 
Phase Volume Data from All Animals Grouped for Comparison 


(F) = gm. of extracellular phase per kilo of muscle 
(C) = “ “ intracellular ‘‘ he “4 
M = (F) + (C) 
{/H,O}. = gm. of water per kilo of intracellular phase 
o = standard deviation 
P = percentage probability 
A= differences between means before and after injection 
Ay = : “ ‘of normal animals and animals 
with kidney damage receiving KHCO; + NaCl injections 
All values are ; expresse -d per kilo of fat-free, blood- free muscle. 












































M (F) | (©) | (HOle 
No. of |__ oS 
ani- | | | 
SS BAACrAnhae 
Sy pe pe ae ee 
Normal animals 
= —r ——— 
om.) | Bia om oil la - 
Before injec- | Jal | 
tion 12 11000) 50) 850) +27) 736 +8 
After injection.) 12 1058 +23 mre | 875 +24) 743, +10) 
A 4+-58|423) 2.5]-+33|447| 46 +251-437| 50 +7 £1369 
Animals with single hydronephrotic kidney 
Before injec- | | = | | | | | | 
tion 9 /1000 154 +28 846 +28) | 733 +6, 
Tee +4| £30] 92) —4|.£39| 92 —3|+10/76 
After injection. 9 1065,+18 196 +38) 870 peo | 740, +6) 
ee +65\418 0. 0)+-42\:£47| 37) “2a 62) +7 +9/51 
Aw | +7)£20)82 [+13 (£55, 82 | —S]644) 91) —3]-412)80 





Animals with 2 hy dronephrotic kidneys 


| Reus 





Before injec- 








| 
' 


tion | 7 |1000 | 210) +28) 790 +28 | 709) +4 
ee } 12) | +60/+39 12|— —60 +39) 12|— | 2.7 
Afterinjection., 7 |1066)\+22 243 442) 823/442 hn +9 
A.. i |+66/+22) 2.7/+33/-£51| 51/+33/+51) 51)—11/+10)27 
ies. | +8+31/79 |+60|64] 34|—52|-£47| 27|-23|-413) 7 





group of experimental dogs, the changes in (1) the total bulk of 
muscle, (2) the extracellular and intracellular phase, and (3) the 
intracellular water per kilo of muscle cells were compared statisti- 
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cally with (a) data from the normal animals, and (b) the data follow- 
ing the injection of the potassium salts. 

Animals with Single Hydronephrotic Kidney—The phase 
volumes of the skeletal muscle of these animals did not differ in 
amounts from those of normal animals. This fact had been re- 
ported previously (3). After the injection of potassium salts, the 
increase in the bulk of 1 kilo of original muscle was 65 gm., +18 
gm., which consisted of a 42 gm. increase in the extracellular phase 
and a 24 gm. increase in the intracellular phase. Therefore, the 
experimental edema produced in the muscles of these dogs was 
distributed in both the extra- and intracellular phases, the same 
as in normal dogs. 

Animals with Both Kidneys H ydronephrotic—The phase volumes 
of the skeletal muscle of these animals differed in amounts from 
those in normal animals. The extracellular phase tended to be 
larger, 210 gm., +28 gm., per kilo of muscle, while the intracellular 
phase was lower, 790 gm., +28 gm., per kilo of muscle. The 
significant finding was the decreased amount of water per kilo 
of muscle cells, 709 gm., +4 gm. This reveals that the percentage 
of intracellular water in skeletal muscle is changed as a result of 
these pathological conditions. After the injection of the potas- 
sium solution, the increase produced in the bulk of 1 kilo of skeletal 
muscle was 66 gm., +22 gm., which consisted of 33 gm. in each 
of the muscle phases. Therefore, the experimental edema of 1 
kilo of fat-free, blood-free skeletal muscle following the increase 
in total body water and body potassium resulted from variable 
increases in both the extra- and intracellular phases, the same as 
in the normal animals and the animals with a single hydronephrotic 
kidney. 

It is worth emphasizing that with the large excess of injected 
fluids the percentage of intracellular water in the muscle in these 
particular animals increased from 70.9 to 72.0 per cent, yet did not 
attain the constant normal value of 73.6 per cent for skeletal 
muscle. 

Tissue Analyses—To demonstrate the changes in proportions 
of water, chloride, sodium, and potassium in skeletal muscle of 
the three groups of dogs previous to and following the increases 
in total body water and potassium, the tissue analyses are expressed 
per 100 gm. of fat-free, blood-free solids, as summarized in Table 
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V. As related in the previous paper (1), the solids may be taken 
as the relative mass of tissue cells. 

No changes were noted in the skeletal muscle of the animals 
with a single hydronephrotic kidney. In the skeletal muscle of 
the dogs with both kidneys hydronephrotic, however, several im- 
portant changes were found. Before injection the intracellular 
water per 100 gm. of solids was 243 gm., +5 gm., or 3.4 per cent 
lower than that found in normal animals. Also, the potassium 
concentrations were low, 39.3 mM, +1.44 mm. Following the 
potassium injections, the significant changes in the muscle were 
the increases in intracellular water and in the concentration of 
potassium up to the limits found in normal skeletal muscle. 


DISCUSSION 


Since it has been established that normal kidneys concentrate 
potassium readily (5), it was presumed that when kidney function 
was impaired by experimental hydronephrosis the rate of excretion 
of injected potassium would be decreased and, consequently, its 
concentration increased in the body fluids. In the dogs with the 
single hydronephrotic kidney the average retention of the potas- 
sium injected was 2.52 mm per kilo of body weight. The average 
concentration in the serum at the time of the removal of the second 
skeletal muscle was 8.11 mm per kilo of serum water, and the cal- 
culated concentration of potassium in the body fluids was 7.70 
mo per kilo of fluid water. In the dogs with both kidneys hydro- 
nephrotic, the average retention of the potassium injected was 2.80 
mm per kilo of body weight. The average concentration in the 
serum water was 8.25 mm per kilo, and the concentration in the 
body fluids was 7.83 mm per kilo of fluid water. Previous to the 
removal of the second muscle the concentration of potassium in 
the body fluids, of course, was higher, and as a result five out of 
every eight dogs had severe toxic heart reactions. 

When these results are compared with those obtained previously 
from normal dogs (1), it will be seen, first, that the average reten- 
tion of potassium per kilo of body weight was approximately the 
same whether renal function was impaired or not, and second, the 
average concentration of potassium in serum and body fluids was 
only about 10 per cent higher. In those animals in which the 
kidney function was so low that they were in uremia, the serum 
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and fluid potassium concentrations were 30 to 35 per cent higher; 
yet these animals had no toxic heart effects. Therefore, in order 
to increase potassium 30 per cent or more in the body fluids, 
almost all of the renal function had to be destroyed, and the stores 
of potassium in skeletal muscle depleted. 

The statistical method was applied to the data for the phase 
volumes of skeletal muscle from dogs with experimental hydro- 
nephrosis, both before and after the injection of potassium solu- 
tions, and these findings were compared with data from dogs with 
normal kidneys. The calculated results are given in Table V, 
and graphically shown in Fig. 1. Such calculations reveal low 
probabilities in per cent (P) when significant differences are found. 
From Table V it may be observed that low (P) values were found 
(1) when the total muscle volumes (7) were compared before and 
after injection in all dogs, and (2) when the intracellular water 
per kilo of muscle cells in animals with both kidneys hydronephrotic 
was compared with the intracellular water per kilo of muscle cells 
from normal animals. All of the other comparisons are of doubtful 
or of no statistical significance. Thus, the absolute increase in 
the bulk of 1 kilo of muscle following increases in total body water 
and body potassium was approximately the same whether or not 
the animals had normal or impaired renal function. These ex- 
perimental hydronephrotic animals stored virtually the same 
amount of excess water in their skeletal muscle when the body 
potassium was increased as did the animals with normal kidneys. 
Also, the additional water was distributed in the same way, 
equally between the extra- and intracellular phases. 

While no significant changes can be demonstrated in the distribu- 
tion of water and electrolytes in muscle as a result of hydronephro- 
sis in dogs with a single hydronephrotic kidney, the effect on the 
muscle as a result of hydronephrosis in both kidneys is quite 
definite. It is probable that the average extracellular phase of 
210 gm., which is 60 gm. more than that found in the muscle of 
dogs with normal kidneys, is a real increase in the extracellular 
fluid, for it could occur only twelve times in a hundred by sampling. 
This increase was concurrent with a significant decrease in the 
intracellular water per kilo of muscle cells, which indicated a shift 
of water from the muscle cells into the extracellular fluid. 

This disturbance in the muscle, in which the total water showed 
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Fig. 1. Extracellular phase, intracellular water, and solids before and 
after experimental procedure, with changes in gm. The first column in 
each pair presents the average original data, and the adjoining column the 
average final data from a group of dogs. AM represents the absolute 
change in | kilo of muscle; AF and AC, the absolute change in the extra- 
cellular and intracellular phase per kilo of original muscle, respectively; 
(F), and (F);, gm. of extracellular phase per kilo of muscle, originally and 
finally, respectively; (H,O)-, and (H,O)c,, gm. of intracellular water per 
kilo of muscle, originally and finally, respectively; (S)e,, gm. of intra- 
cellular solids per kilo of muscle, originally. 
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no change although the intracellular phase was decreased in bulk 
owing to a loss of water, may belong in the category of dehydration. 
This type of dehydration has been characterized previously by 
Darrow and Yannet (6) and recently discussed in a previous 
paper (7). 

Following the increase in total body water and potassium in 
these animals the increase in the bulk of 1 kilo of original muscle 
amounted to 66 gm. in which the extra fluid was distributed equally 
between the extra- and intracellular phases. The intracellular 
water per kilo of muscle cells increased from a low average of 709 
gm. per kilo of muscle cells to 720 gm. per kilo of cells, which was 
not a significant increase even in the presence of excess body water. 
This small increase of 11 gm. of water per kilo of cells, however, 
was not enough to restore the cells to the value of 736 gm. as found 
in the normal animals. These results are a clear indication that 
the cells of skeletal muscle from dogs with both kidneys hydro- 
nephrotic have been definitely altered. 

In Table V it was noted that previous to the injections the sig- 
nificant change in the muscle cells of the dogs with double hydro- 
nephrosis was the decrease in potassium content accompanied by 
a shift of water out of the cells into the interstitial fluids. Since 
sodium and chloride are extracellular ions and since their concen- 
tration in the serum was normal, their increase per unit of cells 
must indicate an increase in the quantity of extracellular fluid. 
In the presence of a constant amount of total water, this increase 
could be brought about only by a shift of water from the muscle 
cells. No such changes were found in muscle from the dogs with 
a single hydronephrotic kidney. 

Following the increase in body potassium and water in the 
animals with double hydronephrosis, the potassium content of 
the skeletal muscle was significantly increased from an average of 
39.3 to 44.4 mm per kilo of fat-free, blood-free muscle. This 
average increase of 5.1 mm per 100 gm. of fat-free, blood-free solids 
represents an increase in the muscle cell, because the maximum 
amount of potassium in the extracellular phase was calculated to 
be 0.8 mm per 100 gm. of fat-free, blood-free solids. Accompany- 
ing the increase in muscle potassium was the increase in intracellu- 
lar water. These data therefore indicate that the skeletal muscle 
removed from dogs with both kidneys hydronephrotic exhibits a 
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type of dehydration involving a shift of water from muscle cells 
to the extracellular fluid without change in total water content. 
This shift of water is attended by a loss of intracellular potassium. 
Following the increase in total body water and body potassium, 
the concentration of potassium in the muscle cells increased so 
that the intracellular concentration was the same as that in the 
controls, and since the osmotic pressure of intracellular fluids is 
mostly determined by potassium concentrations, the intracellular 
water had to increase. 


SUMMARY 


The distribution of water and electrolytes between blood and 
muscle, previous to and following increases in total body water 
and body potassium produced by the intravenous injection of large 
volumes of isotonic sodium chloride containing potassium, was 
studied in two groups of animals with experimental hydronephrosis. 
The results on muscle from (1) animals with a single hydrone- 
phrotic kidney, the opposite normal kidney having been removed, 
and (2) animals with both kidneys hydronephrotic were compared 
statistically with those of normal animals regarded as controls. 
The data indicated the following conclusions: Previous to the 
injections, the total water content of the muscles of all the dogs 
was the same. In the muscle of the dogs with a single hydrone- 
phrotic kidney, the phase volumes were not different from those 
in normal animals. In the dogs with both kidneys hydronephrotic, 
the skeletal muscle consisted of an extracellular phase of 21.0 per 
cent, +2.8, and intracellular water per kilo of cells of 70.9 per cent, 
+0.4. These findings show an increased extracellular phase with 
a lowered percentage of intracellular water in the skeletal muscle. 
Concurrent with the lowered percentage of intracellular water 
there was found a low concentration of potassium in the muscle. 
Following the increases in total body water and body potassium 
(1) the additional water was distributed in the muscle in the same 
way as is found in normal dogs. Therefore, in these experiments 
there was no indication of any influence of potassium upon the 
distribution of fluid in skeletal muscle in animals with experimental 
hydronephrosis. (2) With the increase in cellular water in the 
muscle of dogs with both kidneys hydronephrotic there was an 
increase of potassium in the muscle cells. 
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PIGMENTS OF THE MARINE DIATOM NITZSCHIA 
CLOSTERIUM 
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In marine ecological work considerable attention has been 
given to methods for the estimation of phytoplankton on the basis 
of the empirical pigment content. Because the class of algae 
known as the Bacillariophyceae or diatoms comprises a large 
part of the phytoplankton, a quantitative analysis of the pigments 
from this group is of importance. The photosynthetic pigments 
are apparently localized in golden brown plastids and for this 
reason the organisms are sometimes referred to as the golden brown 
algae. In large cultures, however, the appearance is a dark green- 
ish brown. The early literature ascribed the coloration to a pig- 
ment known as diatomin which supposedly masked the chlorophyll 
and carotenoids. Smith (1) adequately reviewed the subject and 
pointed out that the diatomin concept was being discarded. 

Certain recent investigations have indicated qualitatively the 
nature of the diatom pigments. The observations (privately 
communicated) of W. M. Manning and of B. H. Ketchum revealed 
that the pennate diatom Nitzschia closterium contains a pigment 
whose ether solution gives a blue color with concentrated hydro- 
chloric acid. This blue color suggests the presence of one or more 
of the rather highly oxygenated xanthophylls such as fucoxanthin. 
Seybold and Egle (2) were able to demonstrate the presence of 
chlorophyll a but could not detect chlorophyll 6 in an unnamed 
diatom. 

The development of mass culture methods for marine diatoms 
by Ketchum and Redfield (3) has simplified biochemical and 
physiological studies on pure strains of these organisms. Conse- 
quently an investigation of the normal pigment content of the 
diatom Nitzschia closterium grown by their technique was car- 
ried out. 
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Methods 


Two samples of 200 cc. each were removed from large cultures 
of Nitzschia closterium which averaged 1 X 10’ organisms per ce. 
The samples were centrifuged and washed once with distilled water 
to remove the bulk of the growth medium. One sample was then 
transferred to an aluminum cup and dried to constant weight in a 
vacuum desiccator. The dry weight of the sample thus obtained, 
usually about 50 mg., was used as a basis for calculations of the 
pigment content. Determinations of ash gave values ranging 
around 10 per cent of the dry weight. However, the pigment 
concentrations were expressed on the basis of the dry weight un- 
corrected for ash. 

The second 200 cc. sample was used for the actual pigment 
analysis. It was washed out of the centrifuge tube with absolute 
acetone onto a sintered glass filter and the tube was rinsed with 
80 per cent acetone in water. As soon as the acetone came into 
contact with the diatoms, they lost their characteristic greenish 
brown color and became a bright green. The transfer was ac- 
complished with a minimum volume (50 cc.) of solvent. Quanti- 
tative precautions were observed throughout. Although the 
filtrate was deeply colored, the extraction was by no means com- 
plete at this stage and further treatment was necessary. 

To obtain complete extraction the organisms were dried and 
ground thoroughly. This was done by rinsing them on the filter 
with absolute acetone and drawing a gentle stream of air through 
the filter for a few minutes. The cells were then readily scraped 
off the filter surface by means of a glass rod with a freshly broken 
end and transferred to a small mortar containing approximately 
0.5 gm. of finely divided silica (Hyflo Super-Cel). The diatoms 
were ground with a pestle until a homogeneous mixture resulted 
that showed no streaking on further grinding. The time taken 
for grinding was never more than 10 minutes. The mixture was 
moistened with a few cc. of 80 per cent aqueous acetone and 
rubbed up, whereupon it could be retransferred to the filter com- 
pletely and extracted with fresh solvent. After several washings 
the residue was a pure white and showed no trace of pigments. 

The filtrate was transferred to a separatory funnel and washed 
with a 20 cc. portion of petroleum ether followed by three 10 ce. 
portions. Practically all of the color went into the petroleum ether 
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layer, leaving the acetone layer a pale lemon-yellow. Complete 
removal of the pigment was effected by addition of ether to the 
acetone fraction until 5 to 10 cc. of ether separated out on the 
addition of water. The ether layer was added to the combined 
petroleum ether fractions and this was then washed several times 
with an equal volume of water. Care was taken never to wash out 
all of the acetone lest the xanthophylls come out of solution. 

The petroleum ether solution was dried by the addition of an- 
hydrous NaSO, and concentrated under reduced pressure at 
35-40° to a volume of 5 to 10 cc. The concentrate was then 
poured over a Tswett column made up of a 2:1 mixture of confec- 
tioners’ sugar (Revere) and powdered sugar (Domino Superfine) 
dried at 80° for several hours. The column of sugar measured 
2.5 em. in diameter and 20 cm. in length. The concentrate was 
rinsed as completely as possible onto the column by means of 
several successive small portions of petroleum ether. 

The column was next washed with fresh petroleum ether until 
the carotene fraction, which washed through rapidly, was collected 
completely free from the other pigments. The volume of the 
eluate was made up to 25 cc. and the concentration of carotene 
was determined by means of a Pulfrich photometer. 

After complete removal of the carotene fraction a 3 per cent 
solution of methanol in petroleum ether was added to the column. 
This brought about separation of the chlorophyll a which was 
washed completely free from the adsorbent. The eluate was 
again made up to 25 ce. and chlorophyll a concentration was 
determined with the Pulfrich instrument. The color of this 
solution was the pure deep blue characteristic of uncontaminated 
chlorophyll a. 

While chlorophyll a was being eluted, the xanthophylls separated 
from each other and washed away from chlorophyll b. The 
elution was then stopped and the various xanthophyll bands and 
the chlorophyll b band were dug out separately by means of a 


1 At this time the xanthophylls were either above, below, or mixed with 
the chlorophy!!, depending upon the amount of acetone that had remained 
in the petroleum ether concentrate. Further elution with petroleum ether 
brought about a very slow separation of the xanthophylls and tended to 
wash them below the chlorophylls. However, complete separation was not 
observed in 18 hours and consequently elution with a different solvent 
was performed. 
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spatula and removed from the adsorbent in each case with ether, 
Chlorophyll b showed its characteristic apple-green color in this 
solvent. 

The photometer was calibrated by means of crystalline 6- 
carotene for the carotene determinations and purified samples of 
chlorophylls a and b for the chlorophyll curves. The chlorophyll 
‘alibration curves were constructed by Mr. Harold Haskin, to 
whom I am greatly indebted for their use. A sample of crystalline 
leaf xanthophyll (Willstatter) was used for the xanthophyll calibra- 
tion curve and the concentrations of all of the xanthophyll frae- 
tions were read off this curve. Such a procedure is justified 
because of the relatively large breadth of spectral transmission of 
the filter employed in this determination. Thus only a small error 
results from the different positions of the maxima of the individual 
xanthophyll fractions. Furthermore, the work of Strain (4) 
indicates that the extinction coefficients of the eight pure xantho- 
phylls whose absorption spectra he measured are remarkably 
similar. For example, at 460 my, the maximum transmission of 
the filter used in the present work, the various values are within 
10 per cent of that obtained by him for leaf xanthophyll. 

Zeiss Filter S-47 was used for the 6-carotene and xanthophyll 
determinations. The §-carotene and leaf xanthophyll used for 
the calibration curves were obtained from The American Chloro- 
phyll Company, Ine. Chlorophyll a and chlorophyll b were 
measured through the Zeiss No. S-66 filter. 


Results 


The carotene fraction on examination by means of a magnesia 
column as described by Strain (4) was found to consist entirely of 
8-carotene. The values obtained for this pigment are given in 
Table I. Also given in Table I are the values obtained for chloro- 
phyll a and chlorophyll b. 

The xanthophylls present in Nitzschia closterium were identified 
on the basis of their behavior on a magnesia column with dichloro- 
ethane as a solvent. The method followed was that of Strain 
(4). Of the five fractions separated in this study, three were 
tentatively identified as cryptoxanthin, lutein, and isolutein. The 
other two fractions were not identified and were designated as 
Fractions y and z. Fraction y was similar to zeaxanthin in ap- 
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pearance and position on the column, and the z band had some- 
what the same appearance and position as violaxanthin b of Strain. 
Table II gives the concentrations of the various xanthophyll 


fractions. 


TABLE I 


Concentration of 8-Carotene, Chlorophyll a, and Chlorophyll b in Various 
Samples of Nitzschia closterium (Mg. per 100 Gm. of Dry Weight) 
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TaB.e II 
Concentration of Xanthophylls in Various Samples of Nitzschia closterium 
(Mg. per 100 Gm. of Dry Weight) 























* | . . | . . 
Date Crypte- | Lutein | Isolutein | — Fraction Total 
1940 ; | 7 | a 
July 25....... | + 63.7 | 22.2 | 359.2 | 99.3 | 544.4 
i FR | 41.1 | 112.0 + 319.0 | 81.1 | 523.2 
NE Be i vane ae ee | | 668.0 
Average... | 1.1 | 87.9 | 22.2 | 339.1 | 90.2 | 578.5 


DISCUSSION 


The chlorophyll a to chlorophyll 6 ratio for the Chlorophyceae 
and the higher green aquatic plants is accepted as approximately 
2.5. Furthermore, the xanthophylls of these plants are in general 
preponderantly those more weakly adsorbed, such as crypto- 
xanthin, lutein, isolutein, ete. On the other hand, the Phaeo- 
phyceae or brown algae exhibit a high chlorophyll a to chlorophyll b 
ratio and possess large quantities of the xanthophyll fucoxanthin, 
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which is moderately strongly adsorbed. The present work shows 
that the pigments of Nitzschia closterium bear a striking resem- 
blance to those of the brown algae. The chlorophyll a to chloro- 
phyll b ratio for the diatom is calculated to average 14.0, a value 
that is comparable with that for the Phaeophyceae. There is 
also a very high proportion of more strongly adsorbed xanthophyll 
material in both the diatom (Fractions y and z) and the brown 
algae (fucoxanthin). 

Montfort (5) briefly described the pigments of a brownish yellow 
diatom collected from the overflow ditch of an inland salt spring. 
He found carotene, chlorophyll a, and four or five xanthophylls, 
two of which he designated as modifications of fucoxanthin. 

An attempt was made in the present work to isolate fucoxanthin 
from Fucus sp. for purposes of comparison with the diatom xantho- 
phylls. Heilbron and Phipers (6) had found only one xanthophyll 
fraction from Fucus vesiculosus, using an alumina column, and 
they believed it to be fucoxanthin. However, I observed several 
hitherto unreported fractions on a magnesia column by the method 
of Strain (4) and, not knowing which of these was fucoxanthin, 
carried the attempt to prepare this xanthophyll no further. Two 
of the fractions from the Fucus as well as Fractions y and z from 
the Nitzschia exhibited a blue color when their ether solutions 
were shaken with concentrated hydrochloric acid. But aside 
from suggesting a relatively high degree of oxygenation in these 
xanthophylls, the results of this test were inconclusive. Un- 
fortunately, fractionation with 70 per cent aqueous methanol 
was not carried out at this time. Interesting data might have 
been obtained, because of the solubility of more highly oxygenated 
xanthophylls in this solvent. 

The total xanthophyll to carotene ratio for Nitzschia closterium 
was found to be 8.35. This is somewhat high but still within the 
range of other plant groups that have been studied. 

Seybold and Egle (2) showed that the color of the brown and 
red algae does not indicate a “chlorophyll poverty,” either absolute 
or relative, in these groups as compared to the Chlorophyceae. 
They obtained values ranging from 1.1 to 4.0 for the ratio of green 
to yellow pigments in these classes. The same was found to be 
true of Nitzschia closterium in the present work, the ratio of green 
to yellow pigments (chlorophyll to carotenoids) averaging 3.77. 
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SUMMARY 


The marine diatom Nitzschia closterium, grown in a pure culture, 
has been found by chromatographic analysis to contain chlorophyll 
a, chlorophyll 6, 6-carotene, and at least five xanthophylls, three 
of which have been tentatively identified as cryptoxanthin, lutein, 
and isolutein. The concentrations of these pigments were de- 
termined and it was found that the pigment content of Nitzschia 
closterium closely resembles that of the Phaeophyceae. Values 
for the various pigment ratios are also given. 


I should like to express my sincere thanks to Professor A. C. 
Redfield who suggested this problem and kindly extended to me 
the use of his laboratory. Thanks are also due Mr. Harold Haskin 
for his friendly criticisms and material aid during the course of 
the work. 
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The search for methods of determining the separate purine bases 
in biological products, begun by Neubauer (1) about 70 years 
ago, has not yet been brought to a satisfactory conclusion. A 
necessary prerequisite is a procedure capable of bringing all the 
adenine, guanine, xanthine, and hypoxanthine together in one 
solution, free from extraneous material and otherwise suitable as a 
starting point for the accurate determination of the individual 
bases. The present paper deals with this problem. 

Schemes which partly solve the problem have appeared on 
numerous occasions. The older methods, based on the discovery 
by Strecker (2) that the purine bases are precipitated by silver 
from ammoniacal solution, are open to a number of objections. 
Salkowski (3) was able to show that, after the treatment of urine 
with this reagent, the filtrate still contained some purine material. 
Poor recoveries incident to incomplete precipitation have re- 
cently (4) been held to be a peculiarity of the oxypurines, but 
losses amounting to as much as 5 per cent have been recorded even 
in the case of adenine (5) when the precipitate (according to the 
usual custom) is washed with hot water, and are presumably 
induced by partial resolution of the silver complex (6). Inter- 
ference by intermediate products of protein hydrolysis, in con- 
nection with the analysis of entire tissues after hydrolysis with 
acid, is another complication, and has been the main subject of a 
severe indictment of the once widely used method of Burian and 
Hall (6) at the hands of Le Breton and Schaeffer (5), whose work 
appeared in monograph form and seems to have escaped the notice 
of most investigators in this field. In the micromethod of Schmidt 
(4), protein hydrolysis products are removed with tungstie acid, 
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and resolution of the precipitate is prevented by washing with 
(diluted) ammoniacal silver reagent. 

The merits of tungstic acid precipitation, which involves an 
elaborate process of washing, resolution, and reprecipitation, are 
open to some doubt (7). This step, however, is a concession 
to the limitations of the silver method, and becomes unnecessary 
if the purine bases are precipitated by the copper-bisulfite tech- 
nique of Kriiger (8) the defects of which are of a different character. 
In the application of this method to urine, for example (9), the 
contamination of the copper precipitate by other nitrogenous 
products was in the first instance overlooked. Double precipita- 
tion, the remedy subsequently introduced (10), apparently 
eliminates the extraneous nitrogen completely. However, this 
method involves the decomposition of the cuprous-purine complex 
in order to obtain the purine bases in solution preparatory to a 
second precipitation. The early workers tacitly assumed that this 
decomposition could be effected without a significant loss of purine. 
Later workers, attempting to apply the method to smaller amounts 
of material, found the loss to be so large as to render the method 
unworkable (4, 7). 

The decomposition of the cuprous-purine complex is effected 
by treating a hot suspension of the precipitate with sodium sulfide 
or with acid and hydrogen sulfide. In the sodiumsulfide method 
(10) the precipitate is suspended in about 200 cc. of hot water and 
is heated for a minute with 30 or 40 cc. of 1 per cent sodium sulfide 
solution; then the mixture is acidified, boiled to coagulate the 
sulfur, and finally filtered and washed. Le Breton and Schaeffer 
(5) were able to recover 8 mg. of purine nitrogen quantitatively 
by this method. They reported analyses of tissue samples con- 
taining about 4 times that amount, but no control experiments 
with the larger amounts were made. If as much as 30 mg. of 
purine nitrogen can be recovered by the Kriiger-Schmid method, 
as several writers have assumed, 3 mg. should be completely 
liberated by heating with 3 or 4 cc. of 1 per cent sodium sulfide 
solution in a volume of about 25 cc. Actually (Experiment 2, 
Table I) even a much larger amount of sodium sulfide (10 cc.) 
falls short of giving complete recovery in spite of a greatly extended 
heating time (10 minutes), and not until the volume of sodium 
sulfide solution has been increased to 15 cc. is the liberation of 
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adenine approximately complete. Under the same conditions the 
results with hypoxanthine are still 4 per cent too low (Experiments 
6 to 8). For the preparation of the purines for the determination 
of the individual bases, the method is unsatisfactory, not only 
because it fails to give complete recovery of the purine, but also 
because the large amount of electrolyte which must be introduced 
will interfere with subsequent methods; for example, with the 
precipitation of adenine picrate. 


TABLE | 
Recovery of Adenine and Hypoxanthine from Copper Precipitate with 
Sodium Sulfide 
Samples containing about 0.1 mg. of purine nitrogen per ec. were precipi- 
tated hot with 0.1 volume of saturated sodium bisulfite and 0.15 volume of 
10 per cent CuSO,-5H,O. The washed precipitate was suspended in 10 or 
15 ce. of water and treated at the boiling point with sodium sulfide solution. 
The mixture then was acidified with acetic acid, boiled to coagulate the 
sulfur, and filtered. The nitrogen content of the filtrate was determined 
on an aliquot by the micro-Kjeldah! method. 

















Experi- :; : Time of | Purine N present 
ment NES —_ heating _ | N found | Recovery 
No. | , with NaS re ae Total | | 

ce. min. mg. | mg. mg. | mg. per cent 
1 | 2.5 5 | 3.01 | O | 3.01 | 0.65 21.6 
; | w 10 | 3.01 | 0 | 3.01 | 2.67 88.8 
Se ll 3 | 3.01 | O | 3.01 | 2.18 72.5 
4 | 15 | 10 | 8.01 | O | 3.01 | 2.94 97.7 
5 15 | 30 3.01 0 | 3.01 | 2.94 | 97.7 
6 | 8 | 10 0 | 3.01 | 3.01 | 2.88 | 95.7 
7 15 10 0 3.01 | 3.01 2.90 | 6.3 
8 20 20 0 3.01 | 3.01 | 2.86 | 95.0 
9 30 20 3.01 | 3.01 6.02 5.54 


92.0 


One advantage of using a volatile acid and hydrogen sulfide, 
instead of sodium sulfide, in the decomposition of the copper 
complex is that any surplus acid can be removed by evaporation. 
This method nevertheless has been used only occasionally, and 
then mainly in connection with isolation experiments not strictly 
quantitative in nature (11). Kriiger and Schmid (10) made two 
comparisons with the sodium sulfide technique in analyses of 
urine. The agreement was not particularly good (2 to 4 per cent), 
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and no statement was made about the amount of acid used, 
Hunter and Givens (12), wishing to avoid the decomposition of 
uric acid which might be expected to accompany heating the 
precipitate with alkali, abandoned the customary Kriiger-Schmid 
procedure in favor of decomposition with hydrogen sulfide in 
hydrochloric acid solution, with no apparent effect on the accuracy 
of the results. But again note must be taken of the fact that the 
amount of total purine was small (5 or 6 mg.), and that the precipi- 
tates in spite of that were suspended in the usual large volume of 
water (200 cc.) before decomposition. Particularly when double 
precipitation with copper and bisulfite is necessary in order to 
eliminate impurities, much time could be saved if the extreme 
dilution called for in the Kriiger method could be avoided. 

To determine whether complete recovery of adenine can be 
brought about by decomposing the copper precipitate with 
hydrogen sulfide in acid solution at a comparatively low volume, 
experiments were performed with varying amounts of hydrochloric 
acid. The washed precipitate was heated on the water bath with 
3 N hydrochloric acid until no further change could be detected, 
whereupon about 15 ec. of hot water were added, and hydrogen 
sulfide was passed through the solution (with the container im- 
mersed throughout in a boiling water bath) until separation of 
copper sulfide appeared to be complete. The suspension then was 
cooled, diluted to a convenient volume, and filtered. An aliquot 
of the filtrate was used for the nitrogen determination by the 
micro-Kjeldahl method. 

In Experiment 1 (Table II), with 0.2 ce. of 3 N hydrochloric acid, 
the acid concentration was approximately the same as in the 
method of Hunter and Givens, but the recovery was only 90.7 
percent. The yield improved when the acidity was increased, but 
the maximum attained (slightly more than 98 per cent) was sub- 
stantially the same with any amount of acid between 0.6 and 2 ce. 
of 3.x. However, three similar experiments with hypoxanthine 
gave no better than 94 per cent recovery. In the hope of obtain- 
ing a further improvement, attention was turned to the conditions 
of precipitation. 

The directions commonly given in reference books (13) pre- 
scribe 0.1 to 0.2 volume of 10 per cent copper sulfate, and an excess 
of bisulfite. This amount apparently is quite arbitrary. The 
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advisability of using such large amounts of copper was questioned 
when it was observed that the cuprous-purine complex then is 
contaminated by red crystals of sulfite, presumably the mixed 
salt first identified by Rammelsberg (14) as CusSO;-CuSO;.2H,0. 
When samples of adenine were precipitated under the conditions 
given in Table I, the precipitates were found to contain sulfite in a 
proportion which indicated that about 14 atoms of copper were 
precipitated as sulfite with each molecule of adenine. In the 
material prepared by Kriiger, under different conditions, for the 
purpose of determining the composition of the complex, the ratio 
of copper to purine was approximately 2:1, and since a consider- 


Tas_e II 
Recovery of Adenine from Copper Precipitate with Hydrogen Sulfide 
Srom Hydrochloric Acid Solution 


The conditions of precipitation were the same as in Table I. 


Experiment No. 3 .n HCl used N found* Recovery 
a EE a 
ec. mg. per cent 
0.2 2.73 90.7 
2 0.4 2.90 96.3 
3 0.6 2.96 98.3 
{ 0.8 2.95 | 98.0 
5 1.0 2.97 98.7 
6 2.0 2.96 98.3 





* In each experiment there were 3.01 mg. of N present. 


able amount of sulfur was found in the precipitate even this figure 
may be much too high. In any case, such gross contamination 
with copper sulfite multiplies by many times the amount of copper 
sulfide from which the purine base must be extracted. 

Decreasing the amount of copper sulfate—the proportion of 
bisulfite to copper being kept approximately constant—has two 
effects perceptible to the naked eye. The precipitate becomes 
more nearly colorless, and it displays an increasing tendency to 
float on the surface of the liquid during centrifugation. When 
only 0.015 volume of a 10 per cent solution of CuSO,-5H,O was 
used (Experiments 8 and 9, Table III), the precipitates were 
practically colorless but the recovery was quantitative when the 
centrifuged sediment was washed only once, and only 1 per cent 
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low when the washing was repeated four times. Otherwise, with 
the customary two washings the danger of mechanical loss is 
manifested by the frequent appearance of low results wherever 
less than 0.03 volume of copper sulfate solution was used (Experi- 
ments 7 to 10). This amount accordingly has been adopted as 
the least amount which can provide the necessary security against 
loss of material in the preliminary isolation of the mixture of 
purine bases. 


TaBe Ill 

Precipitation of Purines with Varying Amounts of Copper and Bisulfite 
The volume of saturated NaHSO; solution used in each experiment was 
about 0.75 that of the CuSO, solution. Unless otherwise stated the precipi- 
tate (corresponding to 1 mg. of N) was washed twice with 4 cc. of hot water. 
The samples were composed of adenine and hypoxanthine, singly and in 
mixtures. The precipitate was analyzed in toto. 





a “Te Aeterna: CuBos PTI added Purine present Purine pptd 
volume mg. N per ce. per cent 

] 2 0.15 0.100. 0.134 100.0 
2 l 0.10 0.100 100.0 
3 l 0.075 0.134 100.0 
j $ 0.040 0.100 0.134 100.0 
5 2 0.033 0.100 99.7 
6 l 0.030 0.100 100.0 

7 2 0.020 0.067. 0.117 993-996 
S* | 0.015 0.101 100.0 
Yt l 0.015 0.101 99.0 

10 3 0.015 0.045-0.134 99. 3-99..6 


* The precipitate was washed only once with 4 ce. of hot water. 
t The precipitate was w ashed four times with 4 ec. of hot water. 


The next series of experiments (Table IV) shows the marked 
improvement in the recovery that occurs when the purines have 
been precipitated with about 0.03 (instead of 0.15) volume of 
10 per cent copper sulfate. Saturation with hydrogen sulfide in 
acetic acid solution was first attempted in the hope of facilitating 
the subsequent determination of hypoxanthine, since the presence 
of chloride complicates the separation of hypoxanthine silver 
picrate. But the loss could not be brought below 3 or 4 per cent 
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with either adenine or hypoxanthine (Experiments 1 to 4). A 
much smaller amount of hydrochloric acid was found to be equally 
effective (Experiments 5 to 7). The recovery of adenine and 
hypoxanthine reached a maximum (almost 99 per cent) when 3 
ec. of 3 N hydrochloric acid were used (Experiments 8 to 10) and 
no improvement was found when the amount of acid was increased 


TaBLe IV 


Recovery of Purine from Copper Precipitate with Hydrogen Sulfide from Acid 
Solution (0.03 Volume of 10 Per Cent CuSO,-5H,0) 


The volume of NaHSO; solution in each experiment was about 0.75 that 
of the CuSO, solution. Precipitation was carried out at a concentration of 
about 0.1 mg. of N per ce. with 3 or 4 mg. of N in all. 





























; | No. of Recovery 

— — Acid used Purine present 

No. | ‘tions Range —_ 

percent | Pe 

1 1 3 cc. 4 N acetic acid Adenine 96.3 

2 4 a Be, & - is + hy-| 96.3-97.7 | 97.1 
poxanthine 

3 1 ee Lae. % | Adenine 96.3 

4 1 1.5 ec. glacial acetic acid | ”“ 96.7 

5 2 10 * 0.05 Nn HCl | ” 97 .3-97.7 | 97.5 

6 2 10 “ 0.05‘ * | + hy-| 96.3 96.3 
| poxanthine 

7 2 1.0-1.2 ee. 3 N HCl Adenine 97 .7-98.0 | 97.9 

s| 5 |3cc.3n HC “ 98.1-99.0 | 98.6 

Tm kt" sa~ = | ‘+ hy-!| 98.0-99.9 | 99.0 
| | | poxanthine 

10 | 84 -%* ge * Hypoxanthine| 97.7-99.4 | 98.7 

ll 6 7.35 * Guanine 98.3-99.3 | 98.8 

2] 8 (3% 38 « | Xanthine 98.0-99.3 | 98.9 

wis 19727" | Adenine | 98.0-98.7 | 98.4 





to 5 ec. (Experiment 13). Under similar conditions of precipita- 
tion and decomposition of the precipitates, guanine and xanthine 
could be recovered to the extent of 98.8 and 98.9 per cent respec- 
tively (Experiments 11 and 12). 

The slight loss of purine found even under the most favorable 
conditions probably is to be attributed to adsorption on the cu- 
prous sulfide. Graff and Maculla (7) have reported a loss of 90 
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per cent when a neutral, alkaline, or weakly acid solution of 
adenine (1 mg. of N) was filtered through copper sulfide. The 
amount of copper sulfide is not stated, but presumably was very 
large compared with the few eg. at most that could have been 
present in the experiments reported here. In this connection 
attention may be drawn to the fact that the purines are adsorbed 
on many heavy metal sulfides (15). 

A detailed description of the method follows. It was designed 
primarily for use with protein-free tissue filtrates. The tech- 
niques used for the hydrolysis of combined purines and for double 
precipitation by the copper-bisulfite method already have been 
described (16). 


Method 


The sample, containing 3 or 4 mg. of purine nitrogen, is measured 
into a 50 ce. Pyrex centrifuge tube (with conical tip), diluted to 
about 30 cc., and neutralized to phenolphthalein. The tube is 
heated in a boiling water bath, and the purine bases are precipi- 
tated by adding 0.8 cc. of a saturated solution of sodium bisulfite 
and 1 cc. of 10 per cent CuSO,-5H,O. After 3 minutes heating, 
the precipitate is collected by centrifugation, and washed twice 
with 10 ce. portions of hot water. 

The precipitate is suspended in 3 cc. of 3 N hydrochloric acid and 
is heated to boiling cautiously over a microburner flame. 15 ce. 
of hot water are added; the tube is returned to the boiling water 
bath, and hydrogen sulfide is passed through the solution for 
about 3 minutes. The mixture finally is cooled, rinsed into a 25 
ec. volumetric flask, diluted to the mark, mixed, and filtered. 
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The interference of phosphate with the estimation of sodium by 
the zinc uranyl acetate method has been pointed out by several 
investigators (1-3). Recently the question as to whether the 
amount of phosphorus present in serum is great enough to in- 
fluence the sodium values has been raised again. Hald (2) 
points out the necessity of removing phosphate before sodium is 
determined, while Consolazio and Dill, in a recent paper (4), 
disagree with her. They state that the amount of phosphate 
present in plasma is not sufficient to cause an increase in the 
sodium values. However, the highest phosphate value which 
they tested was 14.7 mg. of P per 100 ml. of solution, while 
Hald tested values as high as 100 mg. of P per 100 ml. of solution. 

It has been observed in this laboratory from time to time that, 
when sodium estimations were carried out in conjunction with a 
study of the other bases (Ca, K, Mg) and compared against a 
direct estimation of the total base, the sum of the individual 
cation values was greater than that of the total base value. The 
validity of these determinations was carefully controlled by 
running known solutions and recoveries (of known added amounts 
of cation to the serum) simultaneously with the determinations 
mentioned above. Most of these sera were from patients in 
whom the total serum phosphate content was increased; 2.e., 
patients with severe nephritis and various hyperlipemic conditions 
such as diabetes and xanthomatosis. In some of these cases the 
inorganic phosphate alone was above 15 mg. per 100 ml. of serum. 

Upon investigating the problem we have found that the addition 
of phosphate does cause an increase in the serum sodium values. 

501 











502 Determination of Sodium 


This phosphate interference was completely eliminated by electro- 
dialysis. 

The procedure used in the sodium estimation is a modification 
of Butler and Tuthill’s (3) adaptation of the Barber and Kolthoff 
(1) method. 


Method 


Reagents 

Ashing mixture. 180 ml. of concentrated nitric acid, 10 ml, 
of concentrated sulfuric acid, and 10 ml. of 60 per cent per- 
chloric acid. 

Zine urany! acetate stock solution. Barber and Kolthoff’s (1) 
reagent prepared according to Leva (5). To 160.0 gm. of uranyl 
acetate, UO.(CH;COO).-2H:O, 440.0 gm. of zine acetate, 
Zn(CHsCOO),.-2H.O, and 138.0 ml. of 30 per cent acetic acid 
are added 1342.0 ml. of water, to make approximately 2 liters of 
solution. The salts are shaken thoroughly until solution occurs, 
and the reagent is ready for use after 4 hours. It should be kept 
in the ice box when not in use, brought to room temperature, and 
filtered just before use. 

Alcoholic sodium zine uranyl acetate solution. A saturated 
solution of the solid sodium zine uranyl acetate in 95 per cent 
ethyl alcohol. 

Crucibles—The crucibles used for filtration of the sodium zine 
uranyl acetate precipitate were purchased from Ace Glass, Inc., 
Vineland, New Jersey. They were Gooch crucibles, No. 17, 
with sintered glass disks sealed in, of porosity C (average pore 
diameter of 35 to 85 yz). 


Procedure 


To 0.5 ml. of serum in a 25 ml. Pyrex Erlenmeyer flask are 
added 2 ml. of ashing mixture. The flask is rotated by swirling 
its contents and then placed on an electric hot-plate which is 
covered with an asbestos sheet about 3.0 to 4.0 mm. in thickness. 
The flask is heated at low heat until all the brown NO, fumes have 
ceased to come off. The hot-plate is then raised to high tempera- 
ture and the contents of the flask heated until dry or until only 
about a drop of the liquid remains. This process requires ap- 
proximately 1 hour and is therefore a fairly rapid method of 
ashing. The flask is then removed, and, when cooled to room 
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temperature, 0.2 ml. of distilled water is added. The water is 
shaken in the flask to dissolve completely any material on the 
bottom. 10 ml. of the zine uranyl acetate reagent are added, 
and the contents of the flask swirled and allowed to stand under a 
bell jar for 1 hour until all the sodium zine uranyl acetate is 
precipitated. The precipitate is then transferred to a previously 
weighed Gooch crucible with three 5 ml. portions of zine uranyl 
acetate solution and three 5 ml. portions of saturated alcoholic 
sodium zine uranyl acetate solution. The rest of the procedure 
is similar to that of Butler and Tuthill (3) except that the pre- 
cipitate is washed with acetone instead of ether. 

The following results for sodium, expressed in mg. per 100 ml., 
were obtained with standard solutions. 


Average Standard 








No. of determi- 7 
nations Na present Na found (mean) deviation deviation 
a sna ‘a = ee a | | 
51 330 330.50 | 1.40 2.19 


The method gives excellent values for known solutions of 
sodium, the average error of 51 determinations being +0.0025 
mg. of sodium which is +0.153 per cent of the total value, while 
the average deviation of the mean is +0.0070 mg. of sodium, 
which if 0.42 per cent of the total value. The standard deviation 
is 0.66 per cent of the total value. All these criteria indicate a 
high degree of precision and accuracy for the method. 

Removal of Phosphate Interference by Electrodialysis in Deter- 
mination of Sodium—The method and apparatus used for electro- 
dialyzing serum are those of Keys (6). The essential feature of 
the method is that base ions are electrodialyzed from the solution 
being analyzed across a cellophane membrane to negatively 
charged mercury, above which stands a known amount of stand- 
ard acid. When the dialysis is complete, the circuit is broken, 
the base-mercury amalgam decomposed by shaking with the 
acid, and the excess acid is titrated without being removed from 
the vessel. In order to determine sodium, however, the acid 
was not titrated, but instead transferred to a Pyrex Erlenmeyer 
flask, and the sodium estimation continued from there on. 

Several precautions in the method of electrodialysis should be 
mentioned. In spite of the purification of mercury as well as of 
the apparatus, a small amount of blank was always observed, 











504 Determination of Sodium 


which is mentioned by both Keys (6) and Consolazio and Talbott 
(7). This blank was eliminated by a preliminary electrodialysis, 
which consisted in placing 5 ml. of doubly distilled water in the 
anode chamber and 5 ml. of 0.01 nN hydrochloric acid in the cathode 
chamber and electrodialyzing for 40 minutes. At the end of this 
time, the current was stopped, the acid in the cathode chamber 
was aspirated off, and the mercury in the chamber washed with 
several portions of doubly distilled water. The dialyzed water 
in the anode chamber was now base-free and was left there to be 
used as a diluent in the subsequent electrodialysis of the serum. 
This method of removing base was also employed in the purifiea- 
tion of phosphoric acid, which was later added to the serum. 

The electrodialysis of the serum was carried out by adding 0.5 
ml. of serum to the electrodialyzed water in the anode chamber. 
The cathode chamber contained 5 ml. of approximately 0.01 n 
hydrochloric acid above the mereury. (The acid was made up 
from redistilled hydrochloric acid and diluted with doubly dis- 
tilled water, the distillation being carried out in a Pyrex glass 
still equipped with glass ground joints.) This was followed by 
passing the electric current through the apparatus for 2 to 3 
hours (or overnight when very large amounts of added phosphate 
were present). At the completion of the electrodialysis the solu- 
tion in the cathode chamber, containing acid and the electro- 
dialyzed base, was carefully aspirated off into a 25 ml. Pyrex 
Erlenmeyer flask. The chamber was then washed five times with 
1 ml. portions of doubly distilled water, the mercury in the 
chamber being gently shaken with each portion of washing fluid. 
All the washings were transferred carefully by means of an 
aspirator into the Erlenmeyer flask. The contents of the flask 
were evaporated to dryness in an oven kept at 103-105°. From 
here on the determination of sodium was identical with that 
described in this paper, following the ashing of the serum. No 
reagent blanks were obtained in this procedure, and consequently 
the calculations were made with a zero blank. 

Sodium analyses were performed upon various specimens of 
blood serum to which known amounts of phosphorus were added. 
Determinations were made on each sample of serum with added 
phosphorus both before and after electrodialysis. At the same 
time, in order to test the validity of these studies, solutions with 
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known amounts of sodium, to which phosphorus was added, were 
also analyzed in the same manner. 

Table I shows the results of sodium determinations in the 
presence of phosphate before and after electrodialysis. 


TaBLe I 
Jstimation of Sodium in Presence of Phosphate before and 
after Electrodialysis 


The values are expressed in mg. per 100 ml. 

















| Na found* 
Nature of specimen P added iin. After 
electrodialysis dialysis 
Serum A | None 314 314 
| 12,000T 3854 315 
. None 325 324 
4,000t 647 323 
| (Approximate) 
C None 326 326 
4,000t 697 323 
(Approximate) 

D None 313 313 
1, 620T 383 316 
E None 328 327 
1,620¢ 380 327 
: F | None 321 320 
| 80§ 336 322 
G None 321 320 
80§ 337 319 
NaCl solution containing 330mg. | None 330 330 
Na ion per 100 ml. 12,000 | Very high 328 

(about 4000)| 

- " None 330 | 

40§ 331 


* These values are the averages of two or more determinations. 
t Added as H;PO, which was purified by electrodialysis. 

t Added as (NH3)3PO,. 

§ Added as KH,PO,. 


DISCUSSION 


It is seen from Table I that the presence of added phosphate 
(including and above 80 mg. per cent of P) causes a distinct in- 
crease in the sodium values by the method employed. The 
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amount of phosphate used is more than that usually found in 
serum, but in Sera F and G the amount added is even less than 
that which has been found to exist in patients with high blood 
phospholipids (8). In other tissues and in urine the phosphate 
to sodium ratio is much higher than in serum. This is especially 
true of tissues in which the sodium is relatively low. Thus 
phosphate interference with the determination of sodium in such 
instances is even more likely to occur than in serum. 

From the results in Table I it is evident that electrodialysis 
will completely prevent the interference of phosphate with the 
determination of sodium, even in the presence of such large 
amounts as would increase the sodium values more than 10-fold, 
The use of electrodialysis for the removal of phosphate interfer- 
ence does away with the necessity of adding any reagents like 
‘alcium hydroxide or iron salts, which may interfere with the 
sodium determination, or act as a source of sodium contamination, 
Its superiority over the ordinary dry ashing method lies in the 
fact that there is no loss of sodium due to the containers used; 
according to Consolazio and Dill (4) there is an average loss of 
2.9 milliequivalents with Hald’s method in which porcelain dishes 
are used and about 0.8 milliequivalent with the method of Con- 
solazio and Dill in which platinum dishes are used. These plat- 
inum dishes which the latter authors recommend, besides causing 
a slight loss of some of the sodium, are rather expensive and 
thus inconvenient to use on a large scale. When electrodialysis 
is employed, the phosphate is completely removed with no loss of 
sodium. 

The method we have employed for the ashing of serum without 
electrodialysis, in which Erlenmeyer flasks and the nitric, sul- 
furic, and perchloric acid mixture are used, is simple, rapid, and 
results in no loss of ash. This is probably due to the fact that the 
temperature is not raised above 400°. Higher temperatures 
would tend to favor the process of diffusion of some sodium into 
a glass or porcelain container, and might also result in a loss of 
sodium from any container, owing to volatilization. 

In the case of the higher sodium values due to phosphate inter- 
ference, it may be noted that there is no direct relationship be- 
tween excess phosphate and apparently higher sodium values. 
This is due partially to the finely divided uranyl phosphate 
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precipitate obtained with the higher concentration of phosphate, 
and partially to the use of larger amounts of the zine uranyl 
acetate solution in some cases in order to assure completeness 
of precipitation. This tendency for uranyl phosphate to form a 
finely divided precipitate may be the explanation for Hald’s 
variation in the degree of increase due to the presence of phos- 
phates, as it was noted that some of the uranyl phosphate pre- 
cipitate was so fine that it escaped through the pores of the filter. 
This loss of precipitate through the filter did not, however. 
change the fact that the sodium values were definitely increased. 

In a comparison of the serum sodium values obtained with and 
without electrodialysis—_with no added phosphate —no significant 
differences can be observed (see Table I). This indicates that 
the usual serum does not contain sufficient phosphate to interfere 
with the sodium method described in this paper. 

Although the method of electrodialysis has herein been em- 
ployed for the estimation of sodium only, it may also be applied 
to the determination of the other cations in serum, whole blood, 
bone, and tissue, in which the separation from interfering sub- 
stances would be of distinct advantage. Thus potassium and 
calcium may be determined in this manner. The method may 
be especially useful in estimating potassium in whole blood, as 
the usual ashing methods frequently result in a loss of potassium 
due to volatilization. The analysis of calcium is hindered in the 
presence of large amounts of phosphate. This can be eliminated 
by electrodialysis. 

Further work on the application of the method is now in 
progress in this laboratory. 


SUMMARY 


A modified method is described for wet ashing of serum for 
gravimetric determinations of sodium as the zinc uranyl acetate. 
The presence of amounts of phosphate exceeding those found in 
normal blood serum, but not those in some pathological sera, 
causes positive errors. These errors are overcome by separating 
the Na* and PO,® ions by the electrodialysis technique described 
by Keys (6) for the estimation of the total base. The sodium 
is then determined gravimetrically as the sodium zine uranyl 
acetate, without ashing. 
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(Received for publication, May 19, 1941) 


Tobacco mosaic virus nucleoprotein (14), in common with many 
proteins, can be denatured by various means. A neutral solution 
of the virus heated to about 70° will lose its infectivity rapidly 
and gradually become insoluble in dilute salt solutions. Whether 
this process is studied by infectivity analyses, as was done by 
Price (13), or by chemical means, as was done by Lauffer and 
Price (10), it can be shown to follow the course of a first order re- 
action. - If the virus solvent is made alkaline to a pH value of 10.5 
or 11, this reaction will proceed at an appreciable rate even at 
room temperature. When the virus is dissolved in strong solu- 
tions of urea, gradual changes in the physical and chemical prop- 
erties of the protein, accompanied by a loss of infectivity, result. 
As reported by Stanley and Lauffer (15) and confirmed by more 
recent studies,! this reaction is also of the first order. In all of 
these processes, there is complete disintegration of the virus parti- 
cles, resulting in the liberation of nucleic acid. 

In 1914, Bridgman (4) observed that when egg white is subjected 
to pressures between 5000 and 7000 atmospheres for half an hour, 
“it becomes coagulated, presenting an appearance much like that 
of a hard boiled egg.”’ Bridgman and Conant (5) later showed 
that carboxyhemoglobin could be coagulated by subjecting it to 
pressures of 9000 atmospheres for varying periods of time. More 
recently, Dow and his associates have investigated the pressure 
denaturation of hemoglobin (6), of insulin (7), and of pepsin and 
rennin (12). In these studies it was shown that the amount of 
coagulation of the proteins or the changes in biological activity 


' Lauffer, M. A., unpublished results. 
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were functions of the magnitude of the pressure and of the time 
of exposure, just as heat denaturation is a function of the tem- 
perature and the time of heating. In fact, the rather limited data 
published on carboxyhemoglobin indicate that pressure denatura- 
tion of this material follows the course of a first order reaction. 

During the past decade, a survey of the behavior at very high 
pressures of many biological materials has been made by Basset 
and Macheboeuf and their collaborators (1, 2). Included in 
their studies and listed in the order of increasing resistance to 
pressure are certain viruses and bacteriophages, non-sporulated 
bacteria, serum proteins, several enzymes and toxins, and, finally, 
bacterial spores. The viruses are numbered among the more 
labile of the materials examined. Staphylococcus bacteriophage 
was inactivated in 45 minutes at pressures between 2000 and 3000 
atmospheres, herpes virus at 3000 atmospheres, rabies, foot-and- 
mouth disease, fowl-pox, and vaccinia viruses at 4000 to 5000 
atmospheres, and equine encephalomyelitis virus at 7000 atmos- 
pheres. As judged by experiments on fowl-pox, the viruses lose 
not only their infectivity but also their specific antigenic prop- 
erties. Tobacco mosaic virus contained in extracts of infected 
plants was first subjected to the action of high pressures by 
Giddings, Allard, and Hite (8), who observed that it was not 
inactivated at about 5000 atmospheres but was completely inacti- 
vated at about 9000 atmospheres. The action of high pressures 
on purified tobacco mosaic virus was studied by Basset, Gratia, 
Macheboeuf, and Manil (1). The virus was found to resist pres- 
sures up to 6000 atmospheres, but to be almost completely in- 
activated in 45 minutes at 8000 atmospheres. The inactivation 
was accompanied by changes in the virus protein molecule which 
rendered it no longer crystallizable under the usual conditions 
and unable to react with antiserum specific for the virus. In view 
of all of the above observations, it was thought desirable to study 
the behavior of tobacco mosaic virus at high pressures in somewhat 
more detail, in order to discover to what extent these reactions 
parallel the heat and urea denaturation of the material. 


EXPERIMENTAL 


The tobacco mosaic virus nucleoprotein used in these studies 
was prepared by subjecting juice from diseased Turkish tobacco 
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plants to four centrifugation cycles, as is customary in the Insti- 
tute laboratory (16). The purified virus was dissolved in water 
and stored at about 1° until used. Ultracentrifugal analysis of the 
virus preparation revealed two sedimenting boundaries, that 
usually ascribed to unaggregated virus (So, 2 = 193 & 10-") and 
that usually ascribed to a component formed by end to end 
dimerization of the rods (So, 2 = 226 * 10-") (9). 

Just before each pressure exposure, the virus was mixed with 
potassium phosphate buffer at pH 7 to give 0.1 m phosphate solu- 
tions containing about 6 mg. of virus per ml. 10 ml. portions 
were placed in a steel tube, covered with paraffin oil, and subjected 
to pressure in an apparatus of the type described by Bridgman 
(3). Pressures in the test chamber were measured by determining 
the electrical resistance of a carefully standardized coil of manganin 
wire, a material whose conductivity varies in a known manner with 
pressure changes. Throughout all of these studies, the tempera- 
ture was maintained at 30° by surrounding the pressure chamber 
with a thermostatically controlled water bath. The pressures 
were applied and released slowly enough to insure the absence of 
any appreciable temperature changes within the system. 

As is the case with many proteins, exposure of tobacco mosaic 
virus to sufficiently high pressures resulted in the formation of a 
coagulum which could be separated from the supernatant liquid 
following centrifugation at a low speed. The amount of protein 
in the coagulum of each test sample was estimated by difference 
from analyses of the supernatant liquid for residual nitrogen by 
the Kjeldahl method. As a further check, the coagulum itself 
was analyzed by the same method in a few instances. 

In order to determine the relationship of coagulation to inactiva- 
tion, the supernatant fluids of several of the test samples were 
analyzed for virus infectivity by simply applying them at various 
dilutions to eight leaves of the bean plant, Phaseolus vulgaris. 
Untreated virus was applied at various dilutions to other leaves. 
The concentrations of active virus in the test solutions were esti- 
mated by finding the dilutions which caused numbers of lesions 
on the leaves comparable to the number produced by untreated 
virus at some known concentration. Although this particular 
technique is by no means as sensitive as others that are sometimes 
used in the Institute laboratories and elsewhere, it is entirely 
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adequate for the demonstration of large differences between the 
virus activities of various preparations. 


Results 


Coagulation of Virus at Various Pressures—Samples of the virus 
were successively subjected for 45 minutes to pressures ranging 
between 5000 and 10,000 kilos per sq. cm.,? and the amounts of 
coagulation were then determined as previously described. The 
results are presented in the upper part of Table I. At first sight, 


TABLE I 


Coagulation of Tobacco Mosaic Virus Nucleoprotein at High Pressures 








Per cent nitrogen in 





Pressure Time of compression | coagulum 
kg. per sq. em. min. | 
5,050 45 0 
6,460 45 19.8 
7,510 45 21.9 
8,500 45 6.8 
9,020 15 | 4.2 
10,000 45 4.6 
0 0 0 
7,485 10 8.4 
7,390 20 | 11.3 
7,510 45 21.8 
7,490 100 45.1 
7,500 140 64.8 
7,360 180 78.7 
7.500 237 84.4 


it would appear that there is an optimum pressure for the de- 
naturation of tobacco mosaic virus somewhere between 6000 
and 8000 kilos per sq. em. However, an inspection of the in- 
fectivity data presented in Table II will reveal that after the 
virus was held for 45 minutes at a pressure of 5050 kilos per sq. cm., 
the uncoagulated protein remaining was essentially completely 
active; after it was held at 6460 kilos per sq. cm., it was 10 per 
cent active; and after it was held at higher pressures, it was prac- 


21 atmosphere is about 1.03 kilos per sq. em. 
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tically completely inactive. The coagula were, of course, inactive. 
These data are in essential accord with the earlier finding that the 
virus is inactivated at pressures between 6000 and 8000 atmos- 
pheres (1,8). This result demonstrates that the optimum pressure 
which holds for the coagulation of the virus does not hold for the 
inactivation of the virus. It thereby indicates that pressure de- 
naturation of tobacco mosaic virus consists of at least two reac- 


TABLE II 


Infectivities of Uncoagulated Material Following Subjection of Tobacco 
Mosaic Virus Nucleoprotein to High Pressures 





| Concentration | 





Tet | rrmure | ovine | ores | Nyualltigeers | itete 
nleaves | | 
| kg. per sq. cm. abe. ™- owe. | per cont 
l | Untreated | Control | 1 x 10-6 | 47 | 100 
“ ; 1x 10-5 511 
5,050 | 45 | «1x 10-5 | 578 | inti 
| 5,050 45 | 1X10-* | Great number | ~~” 
7,510 | 45 | 1X 10° | 2 | 
r Al | Ca. 0-0.1 
| 7,510 | 45 | 1x 10-9 | 0 | 
| 7,48 | 0 | 1x10° 3 ae 
| 7,485 10 | 1x10" | 56 j Caen 
2 Untreated | Control | 1x 10-* | 94 100 
| a } « 1x 10-5 | 472 
| } Pe | sad | ‘ 

5,050 45 | ix | 134 J 
5,050 45 | 1X 10-5 | 214 | Ce, aS 
| 6,460 | 45 1x 10-5 | 93 | ame oe 
| 6,460 | 45 1x 10-3 | 900 (Ca.)) = 

8,500 45 | 1x 10-5 | 0 

8,500 | 45 | 1X10" | “We basen 

10,000 | 45 | 1X 10-5 | 0 | we 

| 1X 


10,000 45 10-3 0 


tions, one resulting in the inactivation of the virus and the other in 
coagulation. Denaturation of the virus at high temperatures also 
seems to be a complex mechanism (10). 

Rate of Coagulation of Virus at Constant Pressure—Samples of 
the virus were successively subjected to pressures within about 
2 per cent of 7500 kilos per sq. em. for various lengths of time, 
and then they were analyzed as described previously. The results 
are presented in the bottom part of Table I and are represented 
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graphically in Fig. 1, where the logarithm of the percentage of 
the original nitrogen remaining in the soluble fraction is plotted 
as a function of the time of compression in minutes. It may be 
seen that the data fit the graph of a first order reaction equation 
reasonably well. If only the first seven points are considered, the 
data fit the graph of a zero order reaction equation somewhat 
better than that of a first order reaction equation. However, it 
is difficult to picture any simple mechanism for pressure coagula- 
tion which would express itself in a reaction rate independent of 
the amount of reactant present. On the other hand, it is quite 
reasonable to suppose that the rate of coagulation of virus at high 
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Fic. 1. The rate of coagulation of tobacco mosaic virus nucleoprotein at 
pressures of about 7500 kilos per sq. em. plotted according to the equation 


of a first order reaction. 


pressures is at all times proportional to the amount of uncoagulated 
material remaining behind, as is the case in a reaction of the first 
order. In view of these theoretical considerations, it seems quite 
probable that the conclusion drawn from a consideration of all 
of the data, that pressure coagulation of tobacco mosaic virus is & 
reaction of the first order, is correct. Thus pressure denaturation 
of tobacco mosaic virus protein seems to have this aspect in com- 
mon with heat and urea denaturation of the virus and with pressure 
denaturation of carboxyhemoglobin. 

Nature of Products Formed—The coagulum formed -when the 
virus was compressed for 100 minutes at 7490 kilos per sq. cm. 
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was washed six times with distilled water to remove as much as 
possible of the phosphate ion contributed by the phosphate buffer 
in which the reaction was carried out. It was then dissolved in 
0.2 n NaOH and analyzed for phosphorus by the King method and 
for nitrogen by the Kjeldahl method. From the results obtained, 
it was calculated that the protein of this coagulum contained no 
more than 0.09 per cent P. Analysis of another coagulum in the 
same manner yielded a value of 0.17 per cent P. Normal tobacco 
mosaic virus contains about 0.50 to 0.55 per cent P, all or almost 
all of which can be accounted for as nucleic acid (11). It can be 
concluded, therefore, that nucleic acid was liberated when tobacco 
mosaic virus was coagulated at high pressures. In this respect, 
too, pressure denaturation of the virus resembles heat and urea 
denaturation. 

The substances remaining soluble after several of the exposures 
at high pressures were studied in the ultracentrifuge. The es- 
sentially fully active material which remained following exposure 
of the virus to 5050 kilos per sq. em. for 45 minutes was found to 
consist entirely of a single component having the sedimentation 
constant of tobacco mosaic virus in the dimeric form. The es- 
sentially inactive soluble products of the samples exposed to pres- 
sures of about 7500 kilos per sq. em. for 10 and 45 minutes were 
found to consist of very small amounts of an inhomogeneous 
material with a sedimentation constant of about 90 K 10-" and 
considerable amounts of a reasonably homogeneous component 
with a sedimentation constant of about 35° x 10-%. The com- 
pletely inactive substance remaining soluble following exposure to 
10,000 kilos per sq. em. for 45 minutes consisted entirely of the 
component with a sedimentation constant of about 35 x 10-®. 
Both the material which had been treated at 7500 kilos per sq. em. 
for 45 minutes and that which had been treated at 10,000 kilos 
for the same period of time were centrifuged in the quantity high 
speed centrifuge for 3 hours at a speed of 33,000 r.p.m. Jelly-like 
birefringent pellets were formed. These were dissolved in dis- 
tilled water and then dialyzed against running distilled water for 
44 hours. Nitrogen and phosphorus analyses showed that the 
materials contained 0.48 and 0.53 per cent phosphorus, respec- 
tively, on a protein basis. These phosphorus contents are not 
regarded as being significantly different from that of normal virus. 
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The chemical analyses and the centrifugation results do not demon- 
strate any obvious difference between the soluble non-infective 
products remaining after tobacco mosaic virus is subjected to 
pressures of 7500 kilos per sq. em. and those obtained after similar 
exposures to a pressure of 10,000 kilos per sq. em. 

Interpretation of Results—The following facts have been estab- 
lished in this study. Tobacco mosaic virus was practically com- 
pletely inactivated when exposed to pressures greater than 6500 
or 7000 kilos per sq. em. for 45 minutes. At least two types of 
inactive reaction products were formed—(1) a soluble component 
with a sedimentation constant of about 35 X 10-", composed of 
particles which are at least somewhat anisometric, as shown by 
the birefringent pellets formed upon high speed centrifugation, 
and which have about the same phosphorus content as intact 
virus, and (2) an insoluble material containing much less phos- 
phorus and, therefore, much less nucleic acid than normal virus. 
Although the virus was essentially completely inactivated at all 
pressures studied greater than 6500 or 7000 kilos per sq. cm., there 
was an optimum pressure somewhere between 6000 and 8000 
kilos per sq. em. for the formation of the insoluble material. At 
pressures approximating 7500 kilos per sq. cm., the coagulum was 
formed at a rate compatible with the assumption that the process 
is a first order reaction. The soluble inactive products formed in 
45 minutes at a pressure of 7500 kilos per sq. em. could not be 
differentiated by ultracentrifugal and crude chemical analyses 
from those formed in the same time at a pressure of 10,000 kilos 
per sq. em. These facts indicate quite definitely that the de- 
naturation of tobacco mosaic virus at high pressures is a complex 
process. One of the early steps is the inactivation of the virus 
particle. This inactivation leads either immediately or eventually 
to the formation of somewhat anisometric ‘particles with a sedi- 
mentation constant of 35 X 10-", particles which seem not to 
have lost an appreciable amount of nucleic acid. By another 
reaction involving the loss of nucleic acid, these particles are 
changed into an insoluble coagulum. There are at least two pos- 
sibilities with respect to this latter change. (1) The formation 
of the coagulum may be simply a side reaction which takes place 
to an appreciable extent only within the pressure range of 6000 
to 8000 kilos per sq.cm. (2) The formation of a coagulum may be 
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an intermediate step in the formation of completely disintegrated 
material. The fact that the soluble inactive products isolated 
from samples treated at 7500 and 10,000 kilos per sq. cm. were not 
readily distinguishable by chemical and physical means, especially 
the fact that both seemed to contain about the same amount of 
phosphorus as normal virus, tends to support the first alternative. 


SUMMARY 


1. Tobacco mosaic virus nucleoprotein was exposed to pressures 
between 5000 and 10,000 kilos per sq. em. at 30°. 

2. It was found that the virus was almost completely inactivated 
in a few minutes at a pressure of about 7500 kilos per sq. em., a 
result in agreement with previous findings. 

3. Upon such exposures, varying amounts of an inactive 
coagulum were formed. The maximum amount of coagulum 
was formed at pressures between 6000 and 8000 kilos per sq. em. 
The coagulum contained only a small amount of phosphorus, 
indicating that nucleic acid was liberated when the virus was 
denatured at high pressures. At 7500 atmospheres, coagulation 
seemed to follow the course of a first order reaction. 

4. The inactivation of virus at high pressures proceeded at a 
much greater rate than the formation of a coagulum. Inactive 
but uncoagulated products with sedimentation constants much 
below that of normal virus were identified with the ultracentrifuge. 
These results indicate that the pressure denaturation of tobacco 
mosaic virus is a complex reaction. 
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In spite of the many methods for the determination of urea 
nitrogen, there is a decided tendency among investigators of blood 
chemistry to use a non-protein nitrogen method, even if the urea 
determination might be indicated. The reason for this is evidently 
found in the fact that most of the procedures for the estimation 
of urea nitrogen either require very careful and skilled technique 
or are too cumbersome to be of practical value. A comparative 
study of several well known urea methods undertaken by Sel- 
jeskog and Cavett! gives a good summary of the respective reli- 
ability of the procedures. 

The urea nitrogen of the blood is of great significance in clinical 
diagnosis, because its relative increase in renal dysfunction is as 
a rule greater than the non-protein nitrogen. Furthermore, the 
latter includes substances such as the so called undetermined 
nitrogen, the amino acids, and others. Very little is known con- 
cerning their metabolism especially under pathological con- 
ditions. 

We feel therefore that a method for which a simple form of 
apparatus and small amounts of blood are employed would be of 
value. The apparatus, embodying the principle of a Widmark 
flask, consists of a small cylindrical vessel (the glass part of a 1 
ounce screw-top vial) about 66 mm. high and of 35 mm. outside 
diameter and a cup 17 mm. wide and about 20 mm. high. The 
cup is supported by a glass tube. The cup and tube should be 


1 Seljeskog, 8S. R., and Cavett, J. W., J. Lab. and Clin, Med., 23, 194 
(1937-38). 
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preferably made from Pyrex glass,? and are attached to a cork 
which fits the cylinder (Fig. 1). The cork should be well rolled and 
painted twice with a mixture of 1 part of flexible collodion and 1 
part of ethyl ether. After being coated, the cork should be heated 
in an oven at about 100° for approximately 1 hour. Rubber 
stoppers cannot be used because they interfere with the deter- 
mination. 

The procedure is as follows: One-half of a urease tablet® is 
crushed and the powder transferred to the cup. 0.5 ml. of blood is 
pipetted into the cup. The stopper with the attached cup is 
loosely inserted into the cylinder. The apparatus is heated for 
about 30 minutes at 50° or allowed to stand at room temperature 
for 1 hour. If no oven is available, an aluminum bread pan will 


la 














———— 


Fic. 1. Simple apparatus for the determination of urea nitrogen 


make a good water bath. The incubation being completed, 1 
ml. of 0.1 N hydrochloric acid is quickly introduced into the 
cylinder, 3 drops of a concentrated solution of sodium carbonate 
are added to the cup, and the stopper is tightly inserted. The 
assembly is carefully agitated by a rotary motion to mix the con- 
tents of the cup. It is advantageous to add the acid and the 
carbonate as rapidly as possible, because if the cylinder is 
still warm when stoppered, the slight vacuum which is created 
on cooling accelerates the absorption of the liberated ammonia. 


? May be obtained from the Milwaukee Glass Works, Milwaukee, Wis- 
consin. 

3 We have used the tablets prepared by Hynson, Westcott and Dunning, 
Inc., Baltimore, Maryland. 
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After the mixture has stood, the cork holding the cup is removed, 
care being taken that none of the contents of the cup is spilled into 
the acid. The liquid in the cylinder is transferred quantitatively 
to a suitable volumetric vessel, nesslerized with 1 ml. of the solution 
described below, and compared with a standard in a colorimeter. 
We find that test-tubes graduated to 25 ml. in 1 ml. intervals 
serve the purpose best. A total volume of 10 ml., after nessleriza- 
tion, has been found most practical, but if the color is too deep 
the use of a graduated test-tube permits a quick dilution without 
transfer to another vessel. It is advisable to check the accuracy 
of the tube graduations, because imperfect work is occasionally 
encountered. The standard most suitable for the work is 0.1 
mg. of N (0.472 gm. of (NH,)2SO, per liter) per 1 ml. 

In choosing the Nessler solution the modification of Bock and 
Benedict was given the preference. This solution has a wider 
range, keeps better, and does not require dilution from a stock 
solution. It is prepared as follows: Place 100 gm. of mercuric 
iodide and 70 gm. of potassium iodide in a liter volumetric flask 
and add about 400 ml. of water. Rotate until solution is com- 
plete. Dissolve 100 gm. of sodium hydroxide in about 500 ml. 
of water, cool thoroughly, and add with constant agitation to 
the mixture in the volumetric flask; then make up with water to 
the mark. A small amount of brownish red precipitate is fre- 
quently formed. This settles out and the supernatant fluid is 
poured off and used. 

Blanks should be run at intervals. They vary with the kind 
of urease used, giving values between 0.004 and 0.007 mg. of N 
per determination. We prefer to use four to six tablets for these 
blank determinations and to divide the results to obtain the 
correction for one-half tablet. 

A word on the use of micropipettes may be of help in connection 
with this work. A small amount of fluid will collect on the outside 
of the tip after it is drained or blown out, although the pipette has 
of course been dried by wiping after immersion in the fluid to be 
measured. The “creeping” of the solution causes a small but 
measurable error. It can be remedied by roughening the tip of 
the pipette with carborundum or emery paper, rubbing it with 
paraffin, and warming it over a flame until the paraffin just begins 
to melt. Pipettes so treated should be blotted and not wiped. 
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The time required for the absorption is about 8 hours. The 
process can be accelerated by heating to approximately 70°, 
This, however, causes substances to be liberated from the urease 
and the blood which will react with the Nessler reagent. A corree- 
tion can be made by running blanks, but these corrections are 


TaBLe I 
Pure Urea Solution 


Urea used Urea found | Urea used Urea found 
mg. N per 100 ml. mg. N per 100ml. | mg. N per sample mg. N per sample 
20.00 20.10 0.100 0.098 
20.00 20.09 0.100 0.100 
20.00 20.08 0.200 0.209 
20.00 20.03 0.400 0.403 
20.00 20.11 0.500 0.510 

0.800 0.808 
15.00 15.00 
16.00 16.01 
17.00 17.03 
18.00 17.99 
Tas_e II 


Recovery of Added Urea and Comparison with Aeration-Titration Method 


Present method 
Aeration method 








Blood ureaN | Urea added Uses found Recovered 

mg. N per 100 ml.| mg. per 100 ml. | mg. N mg. N per 100 ml. mg. N 
23.03 23.10 4.00 | iu | 4.01 
27.20 | 27.26 ‘00860 | 3.9] 4.08 
19.18 | 19.20 2.00 eae 1.98 
21.29 | 21.28 6.00 27.30 | 6.02 
50.06 | 50.12 8.00 58.10 | 7.98 


disproportionably high, amounting to 0.12 mg. of N per deter- 
mination. 

Instead of the tablets, urease solution or paper can be employed, 
because half of a tablet is more than sufficient to convert 30 to 40 
mg. of urea at 50° in } hour. 

Smaller amounts of fluid, z.e. 0.1 or 0.2 ml., can be used if de- 
sired. A correspondingly smaller amount of urease is employed 




















J. C. Bock 523 


and it has been found advantageous to make the final volume to 5 
ml., by adding 3 ml. of water and 1 ml. of Nessler’s solution directly 
to the cylinder. If necessary, samples up to 1 ml. can be used, 
because the cup will hold 2 ml. easily. 

Tables I and II illustrate the efficiency of the proposed method. 
Pure urea solutions were first used to check the accuracy of the 
procedure. The first group of five determinations (Table I) gives 
an indication of how closely the individual results check. Table 
II compares the aeration-titration method, with 5 ml. samples of 
blood, with our new method and also shows the satisfactory re- 
covery of added urea. 

The method can and has been used for the determination of 
urea nitrogen in urine. A separate determination of ammonia 
nitrogen by the same procedure is of course necessary. The 
urine must be diluted about 10 times. 

By employing permanent standards, the method will be made 
applicable for use in the physician’s laboratory. 


SUMMARY 


An accurate micromethod for which a simple apparatus and 
procedure are used is described. 
























STUDIES IN THE MECHANISM OF DEHYDROGENATION 
BY FUSARIUM LINI BOLLEY 


XIX. DEHYDROGENATION OF HIGHER PRIMARY AND 
SECONDARY ALCOHOLS* 


By GEORGE J. GOEPFERT 
(From the Department of Organic Chemistry, Fordham University, New York) 


(Received for publication, March 29, 1941) 


True alcoholic fermentation of carbohydrates, brought about by 
the action of undamaged cells, is not limited to the enzyme systems 
present in yeasts. Among the several other systems of micro- 
organisms which are known to effect this conversion are the 
Fusaria. Investigation has shown that the enzymatic degrada- 
tion of carbohydrates by Fusaria does not stop with the production 
of ethyl alcohol and carbon dioxide, but proceeds with dehydro- 
genation of the alcohol produced. A continued study of dehydro- 
genations in the sense of the classical postulation (1) has been 
made with propylene glycol and some of the homologues of ethyl 
alcohol as substrates. Among the latter were both primary and 
secondary alcohols which rendered possible an evaluation of the 
relative rates of dehydrogenation of these different alcoholic 
groups along with the establishment of the course of their deg- 
radation. 

Up to the present, the greater part of the work on dehydrogena- 
tion of higher alcohols by microorganisms has been conducted with 
different bacteria, of which the acetic acid bacteria (2) are probably 
best known. Utilization of the more common molds for this work 
has been limited. Ehrlich (3) obtained valeric acid, as a dissimila- 
tion product of amyl alcohol, from cultures of Willia anomala. 
Walti (4) demonstrated that Aspergillus niger mycelia are capable 
of transforming various glycols into the corresponding a-ketols. 


* This study was aided in part by the Rockefeller Foundation, and was 
presented before the meeting of the American Chemical Society at St. Louis, 
April, 1941. 
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Yamada (5) was able to isolate different aldehydes from the 
parent alcohols and acetone from isopropy!] alcohol with the aid of 
sake yeast, and was led to conclude, “that the difficulty of oxidation 
seems to be conversely proportional to the solubility of alcohol in 
water.” 

The mold, Fusarium lini Bolley, No. 5140, employed in this 
investigation, was originally obtained from the Biologische Reich- 
sanstalt, Berlin-Dahlem, through the courtesy of Dr. H. 


Wollenweber. 
This study was carried out under the direction of Mr. F. F. Nord. 


Methods 


Stock cultures of the organism were maintained continuously 
on the appropriate alcohol medium of the composition: potassium 
nitrate 1.00, potassium dihydrogen phosphate 4.00, MgSO,-7H,O 
0.75, aleohol 4.0 gm. per liter. Transfers were made at intervals 
of 2 weeks. Bits of mycelium from the above media, or spores 
grown on the same to which 20 gm. of agar were added, were used 
to inoculate the alcohol solutions to be dehydrogenated. 

The alcohols listed were purified and the fractions mentioned 
were used as substrates, being added with sterile technique to the 
sterilized salt solution. Propylene glycol was, however, added 
before sterilization. 


Fraction collected 
Alcohol °C. 
n-Propyl..... 97 98 
Isopropyl... % 80.5- 81 
n-Butyl..... wa Ae weeee NG -117 


9S - 99 


sec-Buty! 
85 86 (10 mm.) 


Propylene glycol.. 


Qualitative analyses were carried out as follows: The media 
were placed in Fernbach flasks of 400 ml. capacity of which the ratio 
of area to volume was approximately 0.4. The solutions were 
removed for analysis when aliquots showed that substantial 
change had taken place. These were then filtered through as- 
bestos, brought to pH 7, and the volatile neutral products distilled. 
The residue was concentrated either by direct or vacuum distilla- 
tion to a volume of about 100 to 150 ml., acidified with phosphoric 
acid, and steam-distilled in a Sellier distillation apparatus. The 
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distillate was analyzed for volatile acids. The residue was then 
transferred to a continuous ether extractor and extracted for 24 
hours. The ether was distilled over water and the aqueous residue 
analyzed for non-volatile acids. In the case of propylene glycol, 
the nutrient medium obtained after filtration was brought to pH 
6.8, saturated with potassium sulfate, and extracted in a continu- 
ous extractor until the aqueous layer showed no further reduction 
of Benedict’s solution. The aqueous layer was subsequently 
analyzed in the usual way for volatile and non-volatile acids. The 
ether extract was distilled over water and the aqueous residue 
analyzed. 

The amount of n-propyl alcohol was ascertained by oxidation 
to propionic acid as follows: To remove traces of aldehydes, 
0.5 gm. of silver sulfate was added; the solution was made al- 
kaline and distilled in an all-glass apparatus. The distillate, 
which amounted to approximately 90 per cent of the original solu- 
tion, was transferred to a glass-stoppered bottle containing 10 ml. 
of 0.4 N potassium dichromate and 15 ml. of concentrated sulfuric 
acid. The whole was heated in a boiling water bath for 10 minutes, 
cooled, and diluted to 400 ml. 15 ml. of 20 per cent potassium 
iodide solution were added and the liberated iodine was titrated 
with sodium thiosulfate to the starch end-point. Results obtained 
with known solutions gave excellent agreement with the calculated 
values. Isopropyl alcohol in the presence of acetone was deter- 
mined by the same method as that used with the normal alcohol, 
since the oxidation of acetone under the conditions employed was 
found to be slight and corrections were easily made from values 
obtained from the analysis of known mixtures. 

Propionaldehyde was detected in the volatile portion of the 
culture medium by positive Schiff and Tollens’ reactions and was 
identified by trapping with dimedon (6). In all experiments in 
which metabolites were intercepted, 10 ml. of a sterile saturated 
solution of dimedon (containing approximately 40 mg. of dimedon) 
were added to 100 ml. of culture medium 7 to 10 days after inocula- 
tion. When sufficient precipitate had formed in the culture 
flasks, the derivative and mycelium were filtered off. The pre- 
cipitate was then removed from the adhering mycelium by extrac- 
tion with ether. The ether solution was evaporated to dryness 
and the derivative recrystallized. Butyraldehyde was detected 
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in the volatile portion of the culture medium by the above tests 
and identified by its 2,4-dinitrophenylhydrazone along with 
trapping by dimedon. 

Acetone was detected in the culture media by means of the 
vanillin (7) and o-nitrobenzaldehyde (8) reaction and identified 
by means of its 2,4-dinitrophenylhydrazone and semicarbazone. 
It was quantitatively determined in the presence of isopropyl 
alcohol by means of a modification (9) of the improved Messinger 
method (10). In the actual determination, the flasks were re- 
moved and the contents filtered. An aliquot was then transferred 
to an all-glass distilling apparatus and 1 ml. of 1 N sodium hydrox- 
ide solution and a few alundum chips were added. The adapter 
of the distilling apparatus was so constructed as to permit the 
collection of the distillate below the surface of 2 ml. of distilled 
water in a 25 ml. graduated cylinder. The distillation time was 
10 minutes. When known amounts of acetone between 5 and 
20 mg. were analyzed at 0° in the presence of 100 mg. of isopropyl 
alcohol, a constant blank of approximately 1 mg. of acetone, over 
and above the actual amount of acetone present, was observed. 

Ethylmethyl ketone was detected by the salicylic aldehyde 
reaction (7) and identified by its 2 ,4-dinitrophenylhydrazone and 
semicarbazone. The quantitative determination of this ketone 
was carried out by means of the method used with acetone. A 
constant blank was likewise observed when known amounts of 
ethylmethyl ketone between 5 and 20 mg. were analyzed in the 
presence of 100 mg. of secondary butyl alcohol at 0°. This blank 
amounted to approximately 2 mg. of ethylmethyl ketone over and 
above the actual quantity of ketone present. 

The presence of acetol was shown by the Baudisch reaction 
(11) with o-aminobenzaldehyde and the substance was identified 
by its 2,4-dinitrophenylhydrazone and semicarbazone. 

In those experiments in which quantitative values are reported, 
the Fusaria were grown in 50 ml. of media contained in 125 ml. 
Erlenmeyer flasks. The ratio of area to volume in these experi- 
ments was approximately 0.6. The quantitative values constitute 
at all times the average of at least duplicate analyses, each analysis 
being carried out on an individual flask. Since large numbers of 
flasks were used in these experiments (approximately 70 to 100) 
an appropriate apparatus was designed to effect rapid mass inocu- 
lation. All experiments were carried out under aerobic conditions 
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without forced aeration or introduction of artificial hydrogen 
acceptors. 
DISCUSSION 


Preliminary experiments were carried out with isopropy] alcohol 
to establish the optimum conditions of pH (Table I) and concen- 


TABLE I 
Preliminary Experiments with Isopropyl Alcohol at Various pH Levels 
The concentration of the aleohol was 0.4 per cent; 20 ml. aliquots were 
analyzed. 























Acetone on 
Initial pH . a 
4th day 6thday | 8thday | 10th day | 14th day 
mg. mg. mg. | mg. mg. 
3.50 3.7 i, ae os” | 3s 4.3 
4.00 3.8 | olga 15.6 5.6 
4.40 2.6 6.5 15.4 20.5 3.5 
4.80 4.1 6.8 14.3 | 15.4 7.8 
5.00 3.7 7.1 14.9 14.2 4.1 
5.40 3.3 6.1 | 1.4 13.6 8.5 
5.80 3.4 6.2 | 9.6 13.6 6.1 
TABLE II 


Preliminary Experiments with Isopropyl Alcohol at Various Concentrations 
pH 4.40; 20 ml. aliquots were analyzed. 




















- Acetone on 

Initial con- 

centration a a 

| 8rd day 7thday | 9th day llth day 13th day 15th day 

per cent mg. mg. mg. mg. mg. mg. 
0.30 | 7.5 16.5 | 16.1 2.8 0.0 0.0 
0.40 | | 19.0 | 19.4 15.3 7.6 0.0 
0.80 6.7 17.9 23.4 | 26.9 15.5 1.3 
1.20 ».0 11.1 13.9 | 27.9 34.8 18.9 
1.60 5.6 9.2 | 11.1 13.1 19.5 25.5 





tration (Table II). Since a maximum conversion of isopropyl 
aleohol to acetone (based on percentage conversion) was found 
at an initial pH of 4.4 and concentration of 0.4 per cent, these 
conditions were used for all further experiments. 

Qualitative experiments in the case of the n-alcohols indicated 
that acid production via the aldehydes occurred to a very small 
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extent, since only traces were observed. However, in those 
experiments in which isopropyl alcohol and propylene glycol were 
used as carbon sources, indications of the further transformation of 
the products of dehydrogenations were discernible (Table III). 

When isopropyl alcohol was dehydrogenated in the presence of 
dimedon, the dimedon derivative of formaldehyde was obtained 
after a lapse of 2 weeks. This gave rise to the opinion that this 
product appeared only after the initial dehydrogenation of iso- 
propyl alcohol had occurred. To check this possibility, a 0.4 
per cent solution of acetone was used as the carbon source in the 
presence of dimedon. Within a week the derivative of formalde- 
hyde was obtained. 

One explanation of the formation of formaldehyde from acetone 
is that the latter is broken down by a hydrolytic split to acetalde- 
hyde and methyl alcohol. The methyl alcohol is then dehydro- 
genated to yield formaldehyde. The finding of only the pure 
derivative of formaldehyde-dimedon and not a mixture of deriva- 
tives was to be expected under the experimental conditions. In 
extending the work of Vorliinder (6), Yoe and Reid (12) have 
recently shown that the sensitivity of the reaction between 
dimedon and acetaldehyde is much less than that with formalde- 
hyde and this reagent, and further that the experimental conditions 
greatly affect the acetaldehyde derivative formation in distinction 
to that with formaldehyde. When this reagent was used for 
trapping purposes, the procedure given earlier was the only one 
found suitable. This was due to the growth-inhibitory action 
which it exerted towards the organism (13). As a necessary 
consequence, the small quantities employed limited the method 
to qualitative work alone. 

When propylene glycol is used as the carbon source, the later 
path of the dehydrogenation is still not definitely established. 
When Fusarium lini Bolley acts upon this substrate in the pres- 
ence of dimedon, 9 days after the addition of the reagents, or 
roughly 2 weeks after inoculation, the precipitate of the formalde- 
hyde-dimedon derivative appeared and accumulated over a period 
of 1 to 2 weeks. Sufficient derivative (approximately 10 to 15 
mg.) was obtained for analysis and other identification work 
from ten flasks, each containing 100 ml. of a 1 per cent solution of 
propylene glycol. 
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This finding indicates an unusual mode of degradation of acetol; 
i.e., the dehydrogenation product isolated from propylene glycol 
experiments. The actual conversion of this compound is evidently 
not that hypothetically attributed to it by the acetic acid bacteria 
(14); 2.e., formation of methylglyoxal, pyruvic acid, acetaldehyde, 
ete. Methylglyoxal neither accumulates in the media nor can it 
be trapped with m-nitrobenzhydrazide, a reagent specific for this 
compound in the presence of acetol (15). Furthermore, neither 
pyruvic acid nor acetaldehyde could ever be detected or trapped. 
The experiments carried out with these trapping reagents sub- 
stantiate the view that the initial dehydrogenation of propylene 








TABLE IV 
Maximum Yields of Dehydrogenation Products Observed 

Substrate Dehydrogenation product Yield 
cs ; ~~ 
n-Propyl alcohol | Propionaldehyde Trace 
Isopropyl! alcohol Acetone 20-25 
n-Butyl! alcohol Butyraldehyde Trace 
sec-Buty] alcohol | Ethylmethy] ketone 17-20 
Propylene glycol* Acetol | 10-13 








The values reported here were calculated on the basis of the maximum 
amount of dehydrogenation product produced with reference to an initial 
concentration of 0.4 per cent of substrate. 

* The per cent yield for the dehydrogenation of propylene glycol has been 
obtained by analyses of the total bisulfite-binding (16) compound present. 


glycol takes place via acetol and not by the alternative path of 
lactic aldehyde. 

Quantitative experiments carried out on the various substrates 
(Table IV) indicated that accumulation of the aldehydes did not 
occur to any appreciable extent, whereas the contrary was true 
of the ketones. This accumulation of the ketones and partial 
failure of the aldehydes to do so can be explained in any of three 
ways. In the first place, it is quite possible that the aldehydes 
produced owing to their highly divergent reactivity can be im- 
mediately transformed (17). Secondly, the rate of dissimilation 
of the different alcohols may vary considerably. Finally, the 
energy requirements (18) of the organism may be partially met toa 
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greater degree by the secondary dissimilation products of the 
primary alcohols. 

It was thought worth while to investigate these considerations 
further and as a result the determination of the decrease of sub- 
strate was carried out. For this purpose, the n-aleohol was 
inoculated in various ways; v7z., inoculation with a spore suspension 
grown on glucose agar, bits of mycelium grown on flax seeds, and 
bits of mycelium grown in the stock alcohol solution. These 
variations resulted in wide differences in the respective rate of 
utilization and clearly indicate an adaptation of enzymatic effect 
(Table V). 

The rate of utilization of the iso alcohol, when inoculated from 
a glucose spore suspension, was appreciably greater than the best 


TABLE V 
Alcohol (Me asured in Mg. ) Disappearing* per 50 ML. of 0.4 Per Cent Solution 




















[Alcohol Type of inoculation | = ol = = yang _ 
n-Propyl | Glucose spore | No growth 
“s | Flax mycelium | | 2.4] 5.6] 10.2 
ae | Adapted mycelium | 7.6 | 18.8 | 21.8 | 25.4 | 37.2 | 62.5 
Isopropyl | Glucose spore | 13.5 ak 26.7 | 40.5 | 52.1 | 75.6 | 88.3 








* In order to correct for the disappes: arance of Re due to volatiliza- 
tion blank determinations were carried out throughout the course of the 





experiment. 


ease with the n-alcohol; z.e., when the n-alcohol was inoculated with 
mycelium from the stock alcohol cultures. This more rapid 
utilization of the secondary alcohol may make possible the ob- 
served accumulation of the dehydrogenation product. Whether 
or not this accumulation is due to this fact alone cannot be said, 
since in the present status of the work there are no data available 
on the rate of utilization of the aldehydes and ketones produced. 


SUMMARY 


The significance of the presence of the alcohol dehydrogenases 
in Fusarium lini Bolley, established in earlier work by Nord: 
et al. (19), has been extended by observation of their action on 
higher alcohols. From n-propyl, isopropyl, n-butyl, secondary 
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butyl aleohols, and propylene glycol, propionaldehyde, acetone, 
butyraldehyde, ethylmethyl ketone, and acetol have been ob- 
tained respectively as dissimilation products. There were in- 
dications of the enzymatic degradation of the ketones produced, 
since formaldehyde has been obtained from both acetone and 
propylene glycol cultures. The experiments show further that, 
although primary and secondary alcohols are attacked by the 
dehydrogenases of the system, the rate of dehydrogenation is 
more rapid in the case of the secondary, than the primary alcohols, 
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THE CONCENTRATION AND ASSAY OF AVIDIN, THE 
INJURY-PRODUCING PROTEIN IN RAW EGG WHITE 


By ROBERT E. EAKIN,* ESMOND E. SNELL, anp ROGER J. 
WILLIAMS 


(From the Department of Chemistry, the University of Texas, Austin) 
(Received for publication, May 22, 1941) 


When the tissues of chicks maintained on a diet containing 
unheated egg white were found to be deficient in biotin in spite of 
the abundance of this vitamin in the diet (1), it was concluded that 
the injury caused by the egg white is not due to any direct toxin 
but rather is produced indirectly by the action of the egg white in 
making the biotin of the diet unavailable to the animal. To 
support this conclusion, experiments were performed to determine 
the possibility of inactivating biotin in vitro with egg white. 

The successful demonstration of this inactivation was reported 
in a recent note to this Journal (2), in which it was stated (a) that 
biotin readily combines with a protein constituent of unheated 
egg white to form a stable complex from which the biotin cannot 
be recovered by dialysis, (b) that yeast is unable to utilize biotin 
when the protein is present in the culture medium, and (c) that 
the combination between the active protein and biotin is stoi- 
chiometric and is not materially affected by impurities in the 
concentrates. 

An adaptation of the biotin test method developed in this labora- 
tory (3) made it possible to follow the biotin-inactivating com- 
ponent in the fractionation of egg white proteins and to develop 
the concentration method which was outlined. It appeared 
probable that the substance being concentrated which rendered 
the biotin unavailable to yeast was identical with the constituent 
in raw egg white responsible for the injury to animals. This 
identity has been recently confirmed (4), as highly active concen- 
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trates (as assayed by yeast) are equally effective when tested 
upon rats. 

The protein fraction which combines so readily with the biotin 
has some of the characteristics of typical albumins, coagulability, 
non-dialyzability, and precipitation by saturated ammonium 
sulfate but not by half saturated ammonium sulfate. On the 
other hand, purified concentrates do not appear to be soluble in 
very pure water. The name “avidin” seems appropriate for this 
protein; this term is suggested by its peculiar biotin-binding 
capacity. 

The purpose of this paper is to report in detail the assay method 
and the concentration procedure for avidin. 


Assay Procedure 


The avidin assay used is an adaptation of the yeast method for 
the determination of biotin (3). 

The protein samples to be tested are introduced into sterile 
biotin solutions, and aliquots are prepared as usual for the biotin 
assay. The test, however, is set up in duplicate and the assay 
of one set is carried out without heat sterilization of the samples. 
The duplicate set is sterilized in the customary manner by steaming 
for 15 minutes at 100°. This heat treatment permanently de- 
natures the inactivating protein, and completely releases the biotin. 
The difference in biotin content between the heated and unheated 
aliquots (as measured by the yeast growth) gives a direct measure 
of the amount of biotin-inactivating protein present in the samples 
tested. 

The procedure followed is given in detail below. 

Units—It has been found most convenient to use as a unit the 
amount of concentrate capable of inactivating 1 y of biotin.! 
On this basis, the potency of raw egg white usually varies from 0.4 
to 0.6 unit per cc. The purest concentrate obtained by the pro- 
cedure below had a potency of 2800 units per gm. of solids. 

Standard Biotin Solution—Since the purity of the biotin has no 
material effect on the amount of inactivation (cf. Table III), any 
concentrate whose biotin content is known can be used for a 


‘The potency of biotin and avidin preparations reported throughout 
this paper is based on that of a sample of du Vigneaud’s pure biotin (5) 
kindly furnished to us. 
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standard. A standard biotin solution containing 6 millimicro- 
grams of biotin per cc. is prepared and sterilized for 15 minutes at 
100°. 

Preparation of Biotin Standard—Cultures containing known 
amounts of biotin are run with each test to give the values for 
the points of the standard curve from which the biotin contents 
of the other samples are read. 1 cc. of the sterilized standard 
biotin solution is diluted to 100 ec.; aliquots of 0.0, 0.2, 0.4, 0.6, 
0.8, and 1.0 ec. are pipetted into duplicate sets of test-tubes, and 
the volume in each tube is made up to 1.0 cc. with distilled water. 

Preparation of Protein Samples—A solution containing the active 
protein is diluted to such a volume that it contains 0.002 to 0.006 
unit per cc. A 0.1 ec. aliquot of the standard biotin solution 
(6 millimicrograms per cc.) is added to 0.1 cc. of each protein 
sample; these solutions are incubated } hour at room temperature 
and then diluted to 10 ce. Aliquots of 0.2, 0.4, and 0.8 ce., di- 
luted to 1 ce. with water, are used for both the “heated” and “un- 
heated” assays. One of the duplicate sets of standard and sample 
tubes is sterilized by steaming for 15 minutes at 100°. 

Although the samples in the unheated tubes are not sterilized, 
no irregular results have been observed which could be attributed 
to contamination of these cultures. The short incubation period, 
the relatively heavy inoculum, the acidity of the medium (pH 3.8), 
and the use of clean sterile glassware eliminate contamination 
effects. 

Medium and Yeast—The medium and yeast used are those 
described in the biotin assay method (3). The medium (sufficient 
for both the heated and unheated assays) is sterilized, cooled, and 
seeded with an aliquot of yeast suspension to contain approximately 
0.002 mg. of moist yeast per cc. of medium. After the yeast is 
thoroughly suspended, 5 cc. of the inoculated medium are added 
to each tube, and the cultures are incubated without agitation 
at 30° for 16 to 18 hours. The yeast growth is then determined 
turbidimetrically. 

Calculation of Results—The amounts of biotin in the aliquots 
tested are read from the curves obtained by plotting the readings 
given by the biotin standards. The difference in biotin values 
(in micrograms of biotin) found for a heated and an unheated 
aliquot of a sample gives the units of avidin in that aliquot. 
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Sample data are given in Table I. The data in Table II show 
that the amount of biotin which combines per unit weight of the 
concentrate is approximately constant, regardless of the relative 
concentrations. In Table III are data which show that the amount 
of biotin inactivated by a given amount of avidin concentrate is 


TaBLe | 
Assay for Biotin-Inactivating Constituent of Egg White 


‘ : Assay values ee Biotin 
Biotin added Kos, white A ers emtieten inactivated 
| Unheated Heated per ce. egg white 
micro- alam alee micro- ‘ 
micrograms os. | micrograms micrograms micrograms microgram 
12 0.000008 9.6 14.4 1.8 0.60 
24 0.000016 18.0 28 10 0.64 
48 0.000032 33.0 50 17 0.52 
12 0.00004 0 14.8 Complete inactivation 
24 0.00008 0 28.8 2 as 


45 0.00016 0 60.0 


Tasie II 
Combination of Biotin with Avidin 


The results are measured in millimicrograms. 


Biotin inacti- 
Biotin vated per milli- 
inactivated microgram avidin 
concentrate 


Avidin concen- 


trate added Biotin assay 


Biotin added 


0.6 50 0.475 0.125 0.0025 
0.6 100 0.35 0.25 0.0025 
0.6 150 0.20 0.40 0.0027 
0.6 200 0.024 0.576 0.0029 
0.6 250 0.00 0.60 


independent of the purity of the biotin preparation used. Thus 
the combination appears to be stoichiometric in nature. 

By means of the assay procedure, the following proteins were 
tested for biotin-inactivating activity: gelatin, edestin, peptone, 
gliadin, hemoglobin, and tobacco mosaic virus. No inactivation 
was found. 

In preliminary trials, samples of egg white which had been di- 
gested for 24 hours at 37°, at pH 2.3, with pepsin (Parke, Davis, 
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1:3000), and at pH 8.2 with trypsin (Difco, 1:110), were found 
to be just as active as untreated egg white. 


Concentration Procedure 


In 1935, Parsons and Kelly (6) reported that ovalbumin pre- 
pared by the method of Hopkins would not produce injury, but 
that both the protein precipitate obtained from egg white by 
saturation with ammonium sulfate and the coagulum obtained by 
denaturation with 70 per cent ethyl aleohol gave the same results 
as raw egg white. However, no effective concentration of the 
injury-producing factor has been reported. 


Tas_e III 
Effect of Purity of Biotin Concentrate on Combination of Biotin with Avidin 











: : _ Avidin concen- | Biotin Vanes per snaiis- 
Biotin preparation used Biotin added | trate added | tnastiunted — 
centrate 

micro- milli- micro- micro- 

micrograms micrograms micrograms micrograms 
Yeast extract 24 2.4 6.8 2.84 
458 4.8 14.0 2.92 
Commercial biotin 26 2.4 6.4 2.68 
concentrate >48 4.8 >11.2 >2.32 
Kégl’s biotin 17 2.4 6.4 | 2.68 


32 4.8 13.2 2.75 


The rapid microbiological assay, which requires only minute 
samples, has made it possible to develop concentration schemes 
whereby very potent concentrates can be obtained. Three meth- 
ods have been used in this laboratory for separating the avidin 
from the bulk of the egg white proteins. 

1. Acetone Precipitation—The proteins are precipitated by ace- 
tone, and the curds extracted with a salt solution. Only a small 
percentage of the precipitate redissolves, but fortunately the 
active protein is soluble in the salt solution. 

2. Ammonium Sulfate Precipitation—Half saturation of the 
egg whites with ammonium sulfate and acidification with acetic 
acid precipitates the bulk of the proteins, but leaves the avidin 
in solution. 
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8. Heat Coagulation—Avidin is less heat-labile than are most of 
the egg white proteins. Coagulation of part of the inactive pro- 
teins by careful heating effects some concentration. 

Of these three methods, the first has been found the most satis- 
factory for working up large amounts of material. 

Detailed directions for the processing of a typical batch from 10 
dozen eggs are given below. Irregularities sometimes occur in 
following the procedure, and one should check by assay the course 
of the active protein during fractionation. 

Preparation of Egg White—Egg white from fresh eggs has been 
used in preference to commercial dried egg albumin, since the 
former is a richer source and is much easier to process. The 
whites are separated from 10 dozen eggs, and then filtered with 
suction through cheese-cloth. This straining makes the subse- 
quent acetone precipitation much easier. 

Acetone Precipitation—To the strained egg whites (approximately 
3 to 3.5 liters) are added 2 volumes of acetone, and the mixture is 
stirred until the proteins have been completely coagulated. 
The coagulum is filtered in a cheese-cloth bag and squeezed dry 
by hand. The acetone solution is refiltered with suction through 
Filter Cel and the precipitate (with filter pad) combined with the 
rest of the coagulum. The filtrate contains no biotin-inactivating 
activity, and is discarded for acetone recovery. 

The coagulum is broken up, washed by suspending in | liter of 
distilled water for an hour, and then separated from the wash water, 
as described above for the acetone solution. The wash water 
contains no avidin, and is discarded. 

Better yields are obtained if the protein coagulum is separated 
from the acetone solution and washed immediately following 
precipitation. Violent stirring or shaking, which inactivates avidin 
under some conditions, is to be avoided. 

Extraction with Salt Solution—The washed curds are next 
suspended in 1 liter of a 2 per cent ammonium sulfate solution for 
several hours (or overnight) and the salt solution then filtered as 
previously described. The extraction is repeated with an addi- 
tional liter of the 2 per cent solution. The combined filtrates 
contain about 70 per cent of the biotin-inactivating activity of the 
starting material. Further extractions are unprofitable. 

Owing to the large volume of the filtrates, it has been found 
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convenient to use another acetone precipitation. 6 liters of acetone 
mixed with the filtrate from the salt extraction give a turbid 
solution. After 20 minutes 20 gm. of Filter Cel are added, and 
the suspension filtered with suction. Any portion of the solution 
that does not filter absolutely clear is refiltered through the same 
pad. If the filtrate remains opalescent on being refiltered, a few 
drops of 10 per cent acetic acid are added to coagulate the pre- 
cipitated proteins, and the solution refiltered. The acetone fil- 
trate is inactive. 

The Filter Cel pad (with the precipitated proteins) is thoroughly 
suspended in about 400 ce. of a 2 per cent ammonium sulfate 
solution, and any sticky lumps of coagulated proteins are worked 
with a spatula until completely dissolved. The Filter Cel is then 
filtered off and discarded. 

Fractional Precipitation with Ammonium Sulfate—The solution 
obtained from the preceding step contains a group of colored 
proteins and the avidin fraction. The former are less soluble in 
concentrated ammonium sulfate solution than is the avidin, and 
hence can be separated by fractional precipitation. The fractiona- 
tion has been carried out at 25°. 50 gm. of ammonium sulfate 
are added to each 100 cc. of solution, and the solution stirred 
until the salt is completely dissolved. Small amounts of the salt 
are then added as fast as they will dissolve. The solution becomes 
opalescent with this increase in salt concentration. Further 
additions cause a coagulum of a colored (usually a light pink) pro- 
tein to separate at the top of the solution. This coagulum is re- 
moved with a spatula after each addition of salt. When the solu- 
tion becomes more nearly saturated, there is an abrupt change and 
a bright yellow (or yellowish green) protein separates in the same 
manner. It is likewise skimmed from the solution with a spatula. 
These two protein fractions carry along some avidin and may be 
saved for refractionation. 

When the solution has become saturated with the ammonium 
salt, the active fraction is almost completely precipitated. It does 
not coagulate as do the colored proteins, but remains suspended 
as an opalescent solution, and must be filtered with Filter Cel. 

The active protein and excess salt are redissolved by suspending 
the filter pad in a small amount of water (20 cc.) and filtering off 
the Filter Cel. 
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Dialysis—The active protein solution is freed from salt by di- 
alysis in a cellophane bag against running tap water for 24 hours, 

4 volumes of acetone are added to the dialyzed solution, and the 
precipitated protein is centrifuged and dried in a vacuum. Dia- 
lyzed solutions of avidin concentrates are not very stable; the 
behavior of dry preparations with regard to stability has been 
somewhat erratic, but in general the activity is well retained. 

When preparations of the above purity are dialyzed against 
distilled water, the active protein is almost completely precipitated. 
Thus, avidin does not satisfy the criteria for an albumin, while its 
solubility in concentrated solutions of ammonium sulfate argues 
against its classification as a globulin. 

According to this procedure, concentrates have been obtained 
less than 350 parts of which inactivate 1 part of biotin. This 
represents about 600-fold enrichment over the dry material of 
egg white, while the yield is regularly about 35 per cent. If the 
avidin as prepared were pure, and assuming that biotin has a 
molecular weight of about 250, and that the combination is mole- 
cule for molecule, the molecular weight of the avidin would be 
approximately 87,000. Since the purity of the preparation is 
unknown, the above molecular weight may be much too high. 
At this stage of purity the concentrate gives a positive reaction to 
the Molisch, Hopkins-Cole, xanthoproteic, and biuret tests. As 
mentioned above, avidin is relatively heat-stable. At pH 6.2, 
the capacity of commerical egg albumin to inactivate biotin for 
yeast growth is unaltered by heating at 90° for 3 minutes. The 
activity of the purified dialyzed preparations above was unchanged 
by heating at 80° for 2 minutes; 22 per cent inactivation followed 
heating at 90° for 2 minutes, while it was 80 per cent destroyed by 
heating at 100° for 2/minutes. 


SUMMARY 


An adaptation of the yeast method for biotin has been described 
which permits determination of avidin, the injury-producing pro- 
tein in raw egg white. 

A fractionation procedure for concentration of the active protein 
is described together with several properties of the purified prepa- 
rations. 
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STUDIES ON KETOSIS 


XIX. FURTHER STUDIES ON ENDOGENOUS KETONURIA IN THE 
RAT* 


By HARRY J. DEUEL, Jr., anp LOIS F. HALLMAN 


Wit THE TECHNICAL ASSISTANCE OF SHEILA Murray, FLORENCE BUEL, 
Vicror E. HALusTong, AND LEsiige Knorr 


(From the Department of Biochemistry, University of Southern California 
School of Medicine, Los Angeles) 


(Received for publication, March 6, 1941) 


A ketonuria of considerable magnitude occurs in fasting rats 
over a period of at least 5 days after the previous administration of 
a high fat, low protein diet similar! (2) to that employed by Best 
and Channon for producing fatty livers (83). The extent of the 
ketonuria is approximately the same whether the fat incorporated 
in the diet is butter fat, cod liver oil, lard, or coconut oil, in spite 
of the fact that the increases in liver fat are quite variable. On 
the other hand the ketonuria during a period of fasting after 
maintenance on our ordinary stock diet (low in fat and high in 
carbohydrate)? is practically negligible; here also one notes a 
liver fat of normal range (approximately 3 per cent). Because 
the ketonuria during fasting after a high fat diet occurs when 


* This work was assisted by a research grant from the Rockefeller Foun- 
dation. Some of the data were previously reported at the Sixteenth Inter- 
national Physiological Congress at Zurich, August, 1938. 

The author is indebted to Dr. Douglas MacFadyen of the Hospital of 
The Rockefeller Institute for much of the statistical analysis based on the 
Fisher ¢ and Z methods. 

'The high fat diet contained casein, vitamin-free (from the Casein 
Company of America, Inc.) 5.0, cerelose 48.0, butter fat 40.0, irradiated 
yeast (Standard Brands No. 12735) 2.0, salt mixture (Osborne-Mendel (1)) 
5.0 per cent. 

* The stock diet consisted of whole yellow corn-meal 43.0, whole wheat 
flour 27.0, powdered skim milk 17.0, alfalfa leaf flour 4.0, ced liver oil 4.0, 
irradiated yeast 3.0, CaCOs 1.0, NaCl 1.0 per cent. 
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there is no concomitant feeding of ketogenic material, we have 
referred to this condition as endogenous ketonuria to distinguish 
it from the exogenous type produced while such ketogenic agents 
as butyric acid are administered. 

In the present study, to determine how long a time is required 
for the maximum elimination of ketone bodies, we have measured 


TaBLe IV 


Acetone Bodies and Nitrogen in Urine of Fasting Male Rats That Had 
Previously Received High Fat Diet for 12 Days Followed 
by Stock Diet for Various Periods 


The value 8 are re expressed i in mg. per 100 sq. cm. per day. 

















| Aver- | Acetone bodies 
Days on age . 
di Urine N* 
ock diet bod 
enna | weake| ES | a ity ay Average’ 
a com | - vat 
Without Controlt | 237 | 0.1) 0.4) 0.2) 0. 6 0.3 + 0.1 (39)/41.1 + 0.7 
betaine 0 140 22.3/28.4/23.615.122.4 + 1.7 (28)|29.0 + 0.5 
hydro- 7 242 | 7. 0 21.717.1) 7. 4) 13.7 + 2.7 (15)|27.6 + 0.9 
chloride 14 | 247 0.3) 0.9 1. 4) 0. 8 0.8 + 0.3 (19)/34.3 + 0.6 
21 254 0.6) 4.2) 5.3) 2.3) 3.1 + 0.7 (20)/37.3 + 1.0 
Betaine 7 241 | 8.1/10. 9 10.6 6.2, 9.0 + 1.5 (20)|31.4 + 0.7 
hydro- 14 246 | 0. 5) 0.9 0.7) 1. 3) 0.8 + 0.2 (20)/34.1 + 0.7 
chloride 21 257 | 0.5) 0.4) 3.4) 3.2) 1.8 + 0.5 (20)|35.8 + 0.7 


admin- 
istered} 





The figures in parentheses represent the total number of experiments in 


the average. 
* Including the probable error of the mean calculated from the standard 


deviation. 
+ Comparative results on male rats not subjected to the high fat diet. 
t 100 mg. of betaine hydrochloride per day were administered orally 
after the rats were returned to the stock diet. 


the extent and duration of ketonuria in male and female rats after 
a diet high in butter fat had been eaten for various periods up to 
16 days. ‘The level of liver lipid has also been noted to ascertain 
whether any correlation could be obtained between this value and 
the level of ketonuria. Finally we have determined the period 
required for the abolition of the fatty livers and the resultant 
ketonuria when such animals were returned to our stock diet. 
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The procedures employed were similar to those of our earlier 
experiments (2). All of the experiments reported in Table I were 
conducted during a period of 2 months in the summer of 1937, 
while the study on the length of time required for the abolition of 
ketonuria (Tables IV, V, and VI) was carried on during Novem- 
ber, 1937. 


TABLE V 


Liver Water and Lipids of Unfasted Male Rats Killed Immediately after 
High Fat Diet or after Various Periods on Stock Diet 


All the rats received the high fat diet for 12 days. With the exception 
of the first group (0 days on the stock diet), they were then returned to 
the stock diet for the interval noted. 


Body weight 
Dayson | No. of ‘ 


Liver | Liver 


‘ta ‘ante — Lo ad sf Liver weight | water | lipid 
diet diet diet 
gm. gm. gm, gm, | "tady ane } ot 
Without 0 15 231 211 8.74 | 4.13 | 56.2 |25.55 
betaine | 7 5 247 219 239 | 8.61 3.61 Ge.s | eae 
hydro- 14 5 236 | 215 | 253 | 9.95 3.93 67.7 | 6.02 
chloride | 21 5 244 231 286 10.14 | 3.54 | 69.9 | 4.73 
Betaine 7 3 240 | 220 | 230 | 9.65) 4.19 | 68.7 | 6.40 
hydro- 14 5 227 | 212 | 246 | 9.53 | 3.87 | 67.3 | 4.04 
chloride 21 5 217 198 | 242 | 8.87 | 3.66 | 69.8 2.90 
admin- 
istered* | 


* 100 mg. of betaine hydrochloride per day were administered orally 
after the rats were returned to the stock diet. 


Results 


The average ketonuria and urinary nitrogen for the rats fed the 
high fat diet for various periods are summarized in Table I. The 
analyses of the livers of unfasted control rats are presented in 
Table II, while the similar values for the fasted rats previously 
on the ketonuria tests are given in Table III. 

In Table IV ketonuria studies are recorded on fasted male rats 
previously on the high fat diet for 12 days followed by the stock 
diet for various periods, while the liver analyses for the control 
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rats of this group are given in Table V, and those for the fasted 
rats used in the ketosis tests in Table VI. 


TaBLe VI 
Liver Water and Lipid of Male Rats Fed Stock Diet for Various Periods after 
High Fat Diet and Then Fasted 5 Days 
All the rats received the high fat diet for 12 days. With the exception 
of the first group (0 days on the stock diet), they were then returned to the 
stock diet for the interval note ‘d. 

















| "Body weight 
—_ No. of a Ipeare | Ei i J igh Liver Liver 
| stock ‘Sento ot | 0 tart _ ‘End Liver weight water lipid 
fat lstock stock! Sent 
| diet diet | diet | 
- | e ‘per cent 
gm. | gm. | gm. gm. | body | percent | per cent 
om fo weight 
Without | © | 7 | 140) | | 123) 4.92 | 4.02] 61.2] 20.34 
betaine | 7 | 4 | 235) 220) 242) 205, 5.85 | 2.86 | 65.5] 12.83 
hydro- | —2.2 | +5.61 
chloride | 14 5 | 223) 208) 247) 208) 5.81 | 2.79 | 67.0] 9.42 
| se ae Se en —0.7 | +3.40 
| 21 5 | 235| 214| 254) 207) 5.59 | 2.71 | 68.7] 7.90 
| ma | | —1.2 } +3.17 
Betaine hy- | 7 5 | 247) 225) 241) 203 5.50 | 2.71 | 69.8 | 6.18 
drochloride | | +1.1 | —0.22 
admin- | 14 | 5 | 227 212) 246) 208) 5.62 | 2.70 | 68.2) 7.47 
istered* | | | +0.9 | +3.43 
21 5 | 212| 197) 247] 202 5.49 | 2.72) 69.5] 6.26 
| | 0.3 | +3.36 


| | 


The figures under the averages ree liver water and liver lipid represent 
the changes in these values when compared with the levels of the unfasted 


controls. 
*100 mg. of betaine hydrochloride per day were administered orally 
after the rats were returned to the stock diet. 


DISCUSSION 


There is a gradual increase in the level of ketonuria to a maxi- 
mum after the rats have received the high fat diet for 9 days. 
Practically identical levels of ketone body excretion were noted 
after 9, 12, and 16 days of administration of the high fat diet. 
Thus the average values for 4 day periods for the male rats were 
23.4, 22.4, and 22.5 mg. per 100 sq. em. respectively, while the 
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mean level for the females was 32.2, 28.3, and 30.4 mg. after the 
high fat diet was fed for similar periods. 

The sex difference in ketonuria which we have previously ob- 
served in men and women (4) as well as in rats fed ketogenic acids 
(5) or in rats on the high fat diet (2) is consistently noted in every 
group. Not only was this variation found in the animals on the 
high fat diet but a similar difference was noted for the rats on the 
stock diet. In the latter experiments the ketonuria which de- 
veloped in the males was negligible, while an appreciable though 
low ketonuria was noted in the females. 

It is surprising that an appreciable increase in ketonuria over 
the practically blank values found for the rats previously on the 
stock diet occurred after the high fat diet was given for only 1 day. 
It would appear that the ingestion of a predominantly fat diet for 
1 day has a profound effect on the nature of the fat metabolism 
during the following 5 day period. Moreover, the liver fat of the 
unfasted rats is approximately double the control level after this 
very brief administration of the high fat diet. 

Although the increase in liver lipid and the development of 
ketonuria undoubtedly are related, they must be considered as 
correlated but independent phenomena. While there is a con- 
sistently significant sex difference in ketonuria, the higher levels of 
liver lipid found in the females are not significantly different 
statistically from those of the males. 

Moreover, the maximum ketonuria occurs when the livers 
contain much less fat than they are capable of retaining. The 
average level of lipid in the livers of male rats was 16.73 per cent 
after 9 days on the high fat diet and 26.25 per cent after 16 days, 
while the corresponding levels in the females were 17.57 and 33.93 
per cent. 

It has been suggested earlier (2) that the higher rate of endog- 
enous ketonuria occurring in the female rat during fasting may be 
due to a more rapid disappearance of the “labile”? fat from the 
liver. Such a suggestion is strengthened by the results in this 
study. In every series the liver lipid level of female rats after 5 
days of fasting (Table III) has increased less than that of the 
males, or actually decreased from the level of the unfasted animals 
(Table II), while in the case of the males a consistent increase 
was invariably found. 
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When male rats were returned to our stock diet for 1 week after 
they had received the high fat diet for 12 days, the level of ke- 
tonuria was reduced to about 50 per cent of the original level during 
a subsequent fast; after 2 weeks on the low fat diet the elimination 
of acetone bodies was practically abolished, being similar to that 
noted in control rats which had not previously received the high 
fat diet. 

The liver fat is not reduced to the control level even after 21 
days on the stock diet. After 14 days, when the ketonuria had 
subsided, the liver fat of the unfasted rats was 6.02 per cent, and 
after 21 days, it was still 4.73 per cent compared with a control 
level of 2.79 per cent. 

The decrease in the level of ketonuria and in liver lipid is greater 
in the group of rats which received betaine hydrochloride during 
the period when the stock diet was administered following the 
high fat diet. It would seem that the administration of this com- 
pound causes a more rapid transfer of the labile fat from the liver, 
with a consequent faster depression in ketonuria. 

Animals which received the high fat, low protein diet for periods 
of increasing length showed, when subsequently fasted, an output 
of urinary nitrogen which varied inversely with the length of the 
feeding régime. On the other hand, the opposite condition was 
observed after the rats were returned to the stock diet containing 
a normal amount of protein; 7.e., the output of urinary nitrogen 
during fasting varied directly with the length of the period during 
which the stock diet had been administered. 


SUMMARY 


When rats were fed a high fat diet for varying periods of time, 
a gradual increase in ketonuria was noted during a subsequent 
fast; the ketonuria reached a maximum when the diet had been 
previously administered for 9 days and remained constant in the 
groups fed the diet 12 and 16 days. However, an appreciable 
increase in ketonuria during fasting over the control level was noted 
in the rats previously fed the high fat diet for only 1 day. 

The level of acetonuria was in each series invariably higher in 
the females than in the males; similarly the mean of the liver lipids 
of unfasted rats receiving the diet for the same intervals appeared 
to show the same discrepancies. However, it is concluded that 
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the rise in ketonuria and liver lipid as the periods on the high fat 
diet are increased is independent, since the maximum level in 
ketonuria occurs before the livers contain all the fat which they 
are capable of retaining. 

On fasting, the decrease in liver fat from the level of the unfasted 
rats was greater in each case in the females. It is suggested that 
this faster disappearance may reflect a more rapid turnover of fat 
in the female, which in turn may be responsible for the higher 
level of ketonuria which is noted in this sex. 

When rats previously receiving the high fat diet for 12 days were 
returned to a stock diet, the fasting ketonuria was reduced about 
50 per cent after a week and practically completely abolished after 
a period of 2 weeks. A more rapid decrease occurred when betaine 
also was administered. 
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THE PRESENCE OF FREE AND COMBINED THIAMINE 
IN MILK* 


By NELLIE HALLIDAY anp HARRY J. DEUEL, Jr. 


(From the Department of Biochemistry, University of Southern California 
School of Medicine, Los Angeles) 


(Received for publication, May 20, 1941) 


Thiamine is often found in the combined form as cocarboxylase. 
However, in the biological determination of this vitamin, both 
free and combined forms are equally available to the organism 
and there is no way to ascertain in which form the thiamine is 
present. With the development of the chemical methods for the 
determination of thiamine, it became possible to differentiate the 
free and combined forms, since the cocarboxylase responds to the 
tests only after hydrolysis. 

Not only may thiamine be combined with phosphoric acid but 
there is evidence that it may unite with other substances when 
mixed with bile (1). Houston and Kon (2) have presented evi- 
dence that in milk approximately half of the thiamine is combined 
with protein. The present tests are designed to give further light 
on the form in which thiamine occurs in milk. Also a satisfactory 
procedure for its chemical determination has been developed. 


EXPERIMENTAL 


In the Melnick and Field (3) method, which we first used, it was 
found that the presence of any protein (or its decomposition prod- 
ucts) interfered. A small amount was carried over into the eluate 
and this was precipitated by the alkaline Prebluda-McCollum 
reagent (4), forming an emulsion in the final xylene extract. For 
this reason satisfactory determinations of thiamine could not be 
made from the filtrates obtained by the Cerecedo method (5) nor 
after digestion with proteolytic enzymes. If the protein was 


* This work was assisted by a research grant made by the Adohr Milk 
Farms, Los Angeles. 
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precipitated with hydrochloric acid (with or without heating), 
very little thiamine was found in the filtrate. Denaturation of 
the protein with alcohol resulted in a practically protein-free 
filtrate, but the yields of thiamine were very low. 

By ultrafiltration it was possible to remove the protein and so 
avoid the interference in the final xylene extract. Ultrafiltration 
of the milk was carried out in the following manner. The bags! 
were attached in series to a nitrogen tank and a pressure of about 
250 to 300 mm. of Hg applied. These bags were about 10 inches 
long with an inside diameter of about 1 inch or less, and were laid 
nearly horizontal, so as to increase the effective surface in relation 
to the volume of solution. Ultrafiltration proceeded fairly rapidly 
at first, but the inside surface of the bags became coated after a 
few hours. Usually about 25 to 30 cc. of ultrafiltrate could be 
obtained from 100 cc. of milk. Dilution of the residue and transfer 
to new bags resulted in very little increase in the total thiamine 
found. When thiamine was determined on these small volumes, 
and the assumption made that the same concentration would be 
found in the total, the average results of fifteen determinations 
were 16.8 y per 100 cc. Determinations were also made of the 
lactose content in the original milk and in the ultrafiltrate and the 
thiamine content found in the ultrafiltrate was corrected for the 
percentage of lactose which had been dialyzed. Such corrected 
results on these fifteen samples averaged 25.0 y per 100 ec. 
In two cases urea added to the milk was shown to be present in 
the dialysate in the same proportion as lactose. No increased 
thiamine was noted in two experiments on treatment of the dialy- 
sate with phosphatase. These results are summarized in Table I. 

Superfiltrol, as used in the modified procedure of Emmett, 
Peacock, and Brown (6), was found to adsorb the vitamin directly 
from milk with no interference from protein: With pure thiamine 
solutions in water, certain modifications of their procedure were 
made. It was found possible to adsorb and elute the vitamin 


1 The bags were prepared from a solution of 7 per cent parlodion in a 
40:60 alcohol-ether mixture. After the material had dissolved completely, 
3.5 ec. of glycerol and 1.5 ce. of diethylene glycol were added to each 100 
ec. of solution. Two layers of the parlodion solution were used in making 
the bags. We are indebted to Dr. C. H. Lombard, formerly of the Depart- 
ment of Pharmacology, for his assistance. 
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Thiamine Content of Milk As Determined by Various Procedures 
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quantitatively from volumes up to 250 cc. when the amount of 
adsorbent was increased to 1 gm. and 9 cc. of alcohol were used 
for elution. Better recoveries of thiamine were found with larger 
amounts of the vitamin (40 y or more) if 10 cc. of the Prebluda- 
McCollum reagent and 5 cc. each of water and alcohol-phenol solu- 
tion were used. Equally good adsorption obtains between pH 5 
and 3. A Leitz-Mass photoelectric colorimeter with a No. 401 
(maximum absorption at 520 my) filter was used instead of a 
tintometer. Under these conditions a straight line curve was ob- 
tained at between 5 and 50 7 of thiamine. Between 50 and 100 y, 
the curve flattens somewhat. 

The procedure adopted for milk was to remove the fat by two 
centrifugations and pipette 50 to 100 cc. into large centrifuge cups. 
Known amounts of thiamine (10 to 30 y in 1 ec.) were added to 
some of the samples and also to the same volume of water. Since 
the stock thiamine solution was made up in 0.1 N HCl and the 
dilutions in 0.05 Nn acid, the same amount of 0.05 n HCl] was added 
to the samples not receiving thiamine. The blank, which was 
used to set the colorimeter, was carried through with distilled 
water. Following this, the procedure was similar to that of 
Emmett et al. (6). 

The results from twenty-eight samples of milk gave an average 
value of 21.0 y of free adsorbable thiamine in 100 cc. of milk, with 
an average recovery of added thiamine of 90.0 per cent? as recorded 
in Table I. All the results reported are from certified Hol- 
stein milk. 

In order to determine the thiamine in combined form, the 
following experiments were carried out. 

Hydrolysis with Trichloroacetic Acid——The milk was precipitated 
with the least amount of 2 per cent acid and then boiled under a 
reflux 10 minutes or 1 hour. After cooling and filtration, thiamine 
was determined on the filtrate. In three cases the mixture was 
held overnight in the refrigerator, instead of being boiled, but 


2 It was found that three factors affected the recovery of added thiamine. 
The adsorbate and the centrifuge tube must be washed once with distilled 
water and the material recentrifuged so as to remove all of the milk. Fol- 
lowing this, if the Prebluda-McCollum reagent is not to be added at once, 
the tubes should be kept cold. Also if too much thiamine is added, the 
recovery is lower. When these precautions are taken, recoveries of 90 to 


100 per cent result. 
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since there was no effect on the thiamine concentration the results 
are not included in Table I. 

Digestion with Pepsin—5 gm. of pepsin (Parke, Davis) were 
added to 100 ec. of milk which had been acidified to about pH 3. 
It was held at 37° for 24 hours and then filtered. 

Digestion with Taka-Diastase Alone—200 mg. of taka-diastase 
(Parke, Davis) were added to 100 cc. of milk and the mixture held 
at 37° for 2 hours, after which it was acidified slightly, heated to 
70° for 10 minutes, cooled, and filtered. 

Treatment with Phosphatase—This material was prepared from 
fresh beef kidneys, according to the procedure of Cerecedo. It 
was tested against glycerophosphate and found active. 200 mg. 
were added to 100 cc. of milk. After 3 hours at 37° the mixture 
was acidified with acetic acid, boiled, cooled, and filtered. 

Neuweiler Procedure—The method (7) consists of a preliminary 
treatment with rennin, followed by acidification to pH 3.5 and 
heating to 60-70° for 10 minutes. After cooling, pepsin is added 
(4 gm. to 100 cc.) and the material held at 37° for 12 to 16 hours. 
The filtrates obtained should be water-clear; otherwise large losses 
occur. Only results from such filtrates are reported. 

Digestion with Papain and Taka-Diastase—The method is that 
of Emmett and coworkers.’ 200 mg. each of papain (Merck) 
and taka-diastase were added to milk samples. They were held 
at 37° for 2 hours with frequent stirring. They were then acidified 
to about pH 4.7, heated at 70° for 10 minutes, cooled, and filtered. 
In a few cases the solutions were filtered without heating. 

Digestion with Papain and Taka-Diastase after Preliminary 
Adsorption—The residue and washings after one adsorption were 
treated as above. 


DISCUSSION 


Somewhat under 60 per cent of the thiamine in milk is in the 
freeform. The average values were found to be 23.4 y per 100 ce. 
for that portion directly adsorbable, while an average level of 
40.5 y was found after a preliminary treatment of the milk with 
papain and taka-diastase. The level of the free thiamine ap- 
proximates that found in the milk ultrafiltrates where the values 


3 Personal communication. 
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(corrected on the basis of lactose in the ultrafiltrate) gave a mean 
of 25.0 y per 100 ce. 

The combined thiamine is not in the form of cocarboxylase. 
Cocarboxylase, which is dialyzable, was not found in the ultra- 
filtrate; moreover, neither phosphatase nor taka-diastase, both of 
which enzymes break down cocarboxylase, was able to hydrolyze 
the thiamine complex unless aided by a proteolytic enzyme. 

These results support the views of Houston and Kon as well as 
of Neuweiler that the vitamin is combined with protein. How- 
ever, our results differ from those of the former investigators, who 
indicated that hydrolysis could be produced either by pepsin or 
taka-diastase alone, while in the present tests it was found that a 
proteolytic enzyme as well as taka-diastase was necessary. 

Since a proteolytic enzyme as well as phosphatase or taka- 
diastase is required, it would seem probable that the thiamine 
may occur in milk combined with phosphoric acid and protein in 
a complex analogous to that of riboflavin in the yellow enzyme. 
This is also in line with the recent work of Kuhn and Wendt (8) 
who have postulated that pyridoxine occurs in non-dialyzable 
form, presumably combined with protein. 

Digestion with papain and taka-diastase of the milk remaining 
after preliminary adsorption gave no further thiamine. This 
would indicate that all of the vitamin, free and combined, had 
been removed with one adsorption. Since only the free thiamine 
reacts with the Prebluda-McCollum reagent, it would seem that 
the bond which might have attached the vitamin to the reagent 
was attached to the protein. 

In all cases of digestion with papain and taka-diastase, there 
was a consistent loss of added thiamine of approximately 25 per 
cent, with a slightly lower loss when the material was not heated. 
Since there was a heavy precipitate when the digestion mixture 
was acidified, it seems reasonable to assume adsorption of some 
of the vitamin, and it appears justifiable to correct for this. How- 
ever, even the uncorrected values are in every case considerably 
larger than those for free thiamine. 

Various figures for the thiamine content of cow’s milk have been 
reported. As summarized by the associates of Rogers (9), values 
reported previous to 1935 averaged about 20 y per 100 cc. These 
were necessarily from biological tests. Morgan and Haynes 
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(10), also using biological tests, reported 28 to 30 y per 100 gm. of 
raw milk. Widenhauer (11) and Neuweiler (7) both employed 
chemical methods and found values ranging from 13 to 57 y, 
averaging 32 y in 100 cc. It is of interest that the results from 
biological determinations should be as low or lower than those of 
some of the chemical determinations. This is not in line with the 
results of Houston and Kon, but is probably due to the fact that 
milk from any one source would tend to be constant, whereas that 
from animals of different breeds or on varied regimens could be 
expected to vary widely. In the present experiments the free 
and total thiamine concentrations of the milk samples were closely 
similar, with a coefficient of variation of about 10 per cent. 


SUMMARY 


Only approximately 60 per cent of the thiamine in milk is present 
in a free state, the rest being combined in a non-dialyzable form, 
probably combined with protein. The thiamine complex is not 
broken down with phosphatase or with taka-diastase but only 
when a proteolytic enzyme such as papain is also used. 

The average thiamine content of certified Holstein milk was 
found to average 23.4 and 40.5 mg. respectively for the free and 
total thiamine. 
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While polyuronide hemicelluloses have been repeatedly isolated 
in large amounts from dicotyledonous hardwoods and their com- 
position studied, little is known about these compounds in mono- 
cotyledonous softwoods. The present investigation deals with 
polyuronide hemicelluloses isolated from a characteristic mono- 
cotyledonous softwood, Pinus strobus, L. The investigation was 
undertaken to determine whether such compounds are present in 
softwoods and also to compare the composition of those obtained 
from the normal sap-wood with those obtained from the compres- 
sion wood! of white pine. 


EXPERIMENTAL 


Material Used —The wood used was cut in eastern Massachusetts 
during the winter.2. The compression wood was separated from 
the sap-wood. After drying, both woods were converted toa 
fine powder and thoroughly extracted by hot acetone, ethanol, and 


' The term compression wood is applied to the tissue which is frequently 
found on the under side of branches and which causes them to bend upwards. 
It is also used in reference to the buttresses which are found on the side of 
some species of trees such as the coast redwood, Sequoia sempervirens. This 
wood is frequently stained more deeply by ruthenium red than is the normal 
wood. It also usually has a deeper color than the normal wood. 

* The wood was supplied by Dr. I. W. Bailey of Harvard University. All 
of the materials obtained before chlorination of the wood gave a blue or 
pink coloration when treated with iodine solution. None of the materials 
obtained after chlorination of the wood gave any coloration with iodine 
solution. None of the materials was treated with taka-diastase. 
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hot water until the extract gave only a slight coloration with iodine 
solution. 

Isolation and Analyses of Hemicelluloses and Pectic Materials— 
The hemicelluloses and pectic materials were isolated, purified, 
and analyzed as described in previous articles of this series (1-3), 
The compression wood gave a total of 4 per cent purified hemicellu- 
lose and 0.4 per cent purified pectic material. The normal sap- 
wood gave a total of 2 per cent purified hemicellulose. Previously 
0.6 per cent of purified pectic material was obtained from the sap- 
wood of white pine (2). 

Pectic Material—The isolation of pectic material from the sap- 
wood of white pine has already been described (2). The purified 
pectic material isolated from the compression wood in the present 
investigation gave 76 per cent uronic acid anhydride and 17 per 
cent furfural, and showed [a]? = +216°. Very large amounts 
of mucic acid melting at 216° were obtained by hydrolysis of the 
pectic material with hydrobromic acid and oxidation with bromine 
(4). This established the presence of galacturonic acid. This 
was identified as d-galacturonic acid, as described by Anderson 
(1). This pectic material is probably a pectinic acid. 

Hemicelluloses—-The material extracted from white pine by treat- 
ment with sodium hydroxide solution before and after chlorination 
of the wood is a more complex mixture than that obtained from 
the hardwoods that have been studied in this laboratory. Not 
only does iodine solution give a blue color to all of the hemicelluloses 
obtained before chlorination of the wood, indicating the presence 
of starch, but a mannan is also present in all of the hemicelluloses. 
Apparently some of the mannan dissolved out of the wood by the 
alkaline solution is free of a uronic acid. However, all the poly- 
uronide hemicelluloses obtained from white pine, both before and 
after chlorination of the wood, contained mannan, xylan, and a 
monomethyluronic acid combined in 1 molecule. 

The alkaline extracts of the compression wood and of the normal 
sap-wood were both separated into four fractions, two before 
chlorination of the wood and two after chlorination of the wood. 
Fractions A and C are the less soluble portions of the hemicelluloses 
isolated respectively before and after chlorination of the wood, 
by addition of 0.5 volume of ethanol to the acidified extract. 
Fractions B and D are the more soluble portions of the hemicellu- 
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loses isolated respectively before and after chlorination of the wood, 
by addition of 3 volumes of ethanol to the filtrates from Frac- 
tions A and C. 

Preliminary examination of Fractions A and C isolated from 
the compression wood showed that they were the same and that 
they consisted largely of a mannan. They were combined and 
analyzed with the following results: uronic acid anhydride, 2.26 
per cent; methoxyl, 1.12 per cent; xylan, 7.67 per cent; mannan 
(by difference), 89 per cent; [a]® = +12°. Fractions B and D 
are the characteristic polyuronide hemicelluloses obtained from 
the compression wood. 

TABLE | 
Polyuronide Hemicelluloses from Pinus strobus, L. 


























Normal sap-wood Compression wood 
Before After Before After 
chlori- chlori- chlori- chlori- 
nation nation nation nation 
dition ‘fiat, , 3.20 2.30 3.15 1.90 
Uronic acid anhydride, %. 12.80 9.20 12.60 7.60 
aS. <del vivaas sid at kee as 2.60 1.70 2.40 1.50 
Xylan, %.. 50.00 44.00 55.0 36.0 
Mannan, by difference, o% 36.00 46 .00 31.30 55.7 
Equivalent weight...... 1375 1913 1396 2315 
Xylan units. . 5.2 6.3 5.8 6.3 
Mannan “ 3.0 5.4 2.7 8.0 
[a]>, degrees —46 —35 —29 —38 














Preliminary examination of the hemicelluloses isolated from 
the sap-wood showed that Fraction B consisted chiefly of pectic 
material. The results obtained on analysis of this fraction are 
not included. Analysis also showed that Fractions C and D were 
very nearly the same. They were combined and called Fraction C. 
Fractions A and C are the characteristic polyuronide hemicelluloses 
of sap-wood. There are thus two characteristic polyuronide 
hemicelluloses from both the compression wood and the sap-wood 
of white pine. The analytical results obtained on these fractions 
are given in Table I. 

Hydrolysis of Hemicelluloses—The methods previously described 
(3) were used in the hydrolyses of the hemicelluloses and the 
separation of the barium salts and the sugars. 
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Fractions B, D, and A of the hemicelluloses obtained from 
the compression wood were hydrolyzed separately. A barium 
salt obtained by hydrolysis of Fraction B showed [a] = +48°, 
and gave 7.7 per cent carbon dioxide, 5.11 per cent methoxyl, 
and 5.6 per cent aldehyde. <A barium salt obtained by hydrolysis 
of Fraction D showed [a]® = +49.6° and gave 8.3 per cent carbon 
dioxide, 6.4 per cent methoxyl, and 5.35 per cent aldehyde. Both 
of these salts gave approximately 35 per cent pentosan and no 
methylpentosan. The barium salt of a monomethylhexuronic 
acid combined with 2 molecules of a pentose should give 8.15 
per cent carbon dioxide, 5.74 per cent methoxyl, and 5.37 per cent 
aldehyde. Many such salts which have been analyzed in this 
laboratory in the past showed approximately 35 per cent pentosan, 
It thus appears that in these two hemicelluloses the hexuronic acid 
has one ether-linked methoxyl attached to it and that the first 
two sugars in the chain are pentoses. No barium salt was obtained 
on hydrolysis of Fraction A. This was to be expected, since analy- 
sis of this hemicellulose indicated the absence of all but traces of 
a uronic acid. 

Qualitative tests on the sugar syrups obtained by hydrolysis 
of Fractions B, D, and A from the compression wood showed the 
presence of d-xylose and d-mannose in all fractions. In addition, 
Seliwanoff’s reagent indicated the presence of a ketose in the 
syrup from Fraction A. Neither d-glucose, nor d-galactose, nor 
lLarabinose could be detected in any of these syrups. Also, d- 
galacturonic acid was absent from the products of hydrolysis of 
these hemiceiluloses. 

Fractions A and C obtained from the normal sap-wood were 
hydrolyzed. A barium salt obtained by hydrolysis of the Fraction 
A gave 7.6 per cent carbon dioxide, 5.4 per cent methoxyl, and 37 
per cent pentosan. A barium salt obtained by hydrolysis of Frae- 
tion C showed [a] = +50° and gave 8.05 per cent carbon dioxide 
and 6.33 per cent methoxyl. These results suggest the barium 
salt of a monomethoxyhexuronic acid combined with 2 molecules 
of a pentose. 

All of the sugar syrups obtained by hydrolysis of the various 
hemicelluloses showed rapid fermentation when mixed with or- 
dinary yeast. Those obtained from Fractions A and C gave 
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strong qualitative tests for d-xylose, d-mannose, and d-glucose. 
The tests for d-galacturonic acid, d-galactose, d-fructose, and I- 
arabinose were negative. 


SUMMARY 


It is very difficult to separate the hemicelluloses into fractions 
of the same composition. Furthermore, these large molecules are 
readily hydrolyzed, especially by acid reagents. This leads to 
variation in the composition of the resulting products. These 
facts must be recognized in any discussion of the results of the 
investigation. However, certain fairly definite conclusions can 
be drawn from the results. 

1. Pectic material and polyuronide hemicelluloses were isolated 
from the compression wood and the sap-wood both before and 
after chlorination of the wood. Larger amounts of the hemicel- 
luloses were obtained from the compression wood than from the 
normal sap-wood. More mannan free of a uronic acid was also 
obtained from the compression wood. Otherwise the products 
isolated from the two woods were very similar. Analysis of the 
wood, after the final extractions, showed mannan to be still present. 

2. The pectic material is apparently the same as that obtained 
from hardwoods. It seems to be a pectinic acid. 

3. The hemicelluloses isolated from white pine form a complex 
mixture. Apparently they are of two types. One type seems to 
be a mannan free of a uronic acid. The second type consists of a 
monomethyluronic acid combined with a chain of 5 or 6 xylan 
units, which in turn is combined with a series of mannan units. 
These mannan units seem to be split off readily. Whether they 
come off in one block or singly has not been determined. If they 
come off in one block, this would account for the first type of 
hemicellulose. O’Dwyer has described a hemicellulose from oak 
wood that has a monomethyluronic acid combined with a series of 
xylan molecules, and this in turn with a series of anhydroglucose 
molecules which it readily loses (5). 

4. Because of the ease of hydrolysis of the materials, the ana- 
lytical results obtained on any one fraction of the hemicellulose will 
depend on the treatment it has undergone. At different times 
during the investigation fractions were obtained which even after 
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purification gave as low as 1 per cent carbon dioxide and a cor. 
respondingly low percentage of pentosan. These were apparently 
combined with larger amounts of mannan. 

5. While no definite conclusion can be drawn as to the size of 
the hemicellulose molecule in the cell wall, it must be much larger 
than those finally isolated. One suggestion is that the carboxy] 
group of one hemicellulose forms an ester linkage with a hydroxy] 
group on another hemicellulose, thus leading to the formation of a 
long branching chain. The outer ends of these chains might be 
combined by glycosidic union either with mannan or with lignin 
or other material. If plant materials containing such large mole- 
cules were treated with sodium hydroxide solution, the ester 
linkages would be broken and the smaller molecules would be dis- 
solved out as sodium salts. Treatment of these soluble salts with 
an acid would lead to more or less hydrolysis of the glycosidic 
linkages, thus liberating mannan and other materials at the outer 
end of the chain. 
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Indian wheat, Plantago fastigiata, T., grows wild in the arid 
portion of the southwestern United States and is often an impor- 
tant spring forage. The purpose of this investigation was to deter- 
mine the composition of the mucilage which is obtained from the 
seed of Indian wheat and to compare it with the mucilage obtained 
from imported psyllium seed (1). 

The plant mucilages are isolated by extraction with water and 
precipitation by ethanol. They probably are not changed ap- 
preciably by this procedure. A knowledge of their composition 
and structure is important because of the light this may throw 
on the composition, structure, and origin of the more complex, 
insoluble hemicelluloses that exist in the plant cell walls. 


EXPERIMENTAL 


Seed Used'—After passage through a seed-cleaning machine the 
seeds used in this investigation gave the following results on analy- 
sis: 5.58 per cent moisture, 6.87 per cent ash, 3.25 per cent ether 
extract, 19.52 per cent crude fiber, 16.19 per cent protein, 48.59 
per cent nitrogen-free extractives, 68.11 per cent carbohydrates. 
They were extracted under a reflux with boiling acetone for two 
periods of 6 hours each and with boiling ethanol for the same length 
of time. 

Preparation of Mucilage—100 gm. of the seeds were mixed with 
2 liters of water and allowed to stand for 24 hours. The mucilagi- 
nous solution was pressed through a double thickness of cloth and 


! The seeds were supplied by Professor J. J. Thornber of the University 
of Arizona. 
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the mucilage was precipitated by addition of 4 volumes of ethanol, 
It was separated from the solution, washed with ethanol and ether, 
and dried. The yield of mucilage was 19 per cent of the weight 
of the seeds used. It has a light gray color and is neutral to lit- 
mus. It has little taste and no odor. It gives no test for starch 
and does not reduce Fehling’s solution. The results obtained on 
analysis of the mucilage are given in Table I. 

Preparation of Mucilage Acid—The mucilaginous solution was 
prepared as described above. The mucilage acid was precipitated 
from this solution by addition of 4 volumes of ethanol which 
was 0.1 N with hydrochloric acid. It was separated from the 
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TaBLe | 
Analyses of Mucilages from Indian Wheat* 


Mixed Mucilage | Mucilage Mucilage 
A B 


mucilage acid 
Ash, % 3.50 1.60 1.75 2.90 
Carbon dioxide, % 1.56 1.70 3.40 1.80 
Uronic acid anhydride, % 6.24 6.80 13.60 7.20 
Pentosan, % 93 .00 92.00 86.90 92.64 
Total, % 99.24 98.80 100.50, 99.84 
Equivalent weight 2820 2590 1294 2444 
Pentosan units per molecule uronic 
acid 20 IS 8.5 17.1 


* The methods used in these analyses are standard and are not described 


in this article. 


solution and freed of chloride ions by washing with ethanol, and 
was dried with ether. 

The acid is soluble in dilute sodium hydroxide solution. It 
reduces Fehling’s solution slightly, which indicates that it under- 
goes a slight hydrolysis during the above operation. It was ti- 
trated with standard sodium hydroxide solution with phenol- 
phthalein as indicator. The result corresponds to 1.19 per cent 
carbon dioxide, while the method of Lefévre and Tollens (2) gave 
1.70 per cent carbon dioxide. The results obtained on analysis 
of this acid are given in Table I. 

Fractionation of Mucilage—The mucilage was fractionated by 
the following procedure. The seeds were mixed with 20 times 
their weight of 25 per cent ethanol and allowed to stand for 24 
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hours. The mucilaginous solution was pressed through cloth and 
Mucilage A was isolated as already described. The seeds, after 
the above treatment were mixed with 20 times their weight of water 
and again allowed to stand for 24 hours. The mucilaginous solu- 
tion was pressed through cloth and Mucilage B was isolated. The 
results obtained on analysis of these two fractions are given in 
Table I. 

Wiesner (3) states that the seed coat of Plantago psyllium con- 
sists of two layers of cells. The outer layer swells in water more 
readily than the inner layer. A similar explanation may account 
for variation in solubility of fractions of the mucilage from Indian 
wheat. 

Discussion of Analytical Results—The mucilage is present in the 
seed as saits of acids. The free acids, prepared from the mucilage 
as described, are too weak to be titrated accurately by standard 
alkali. As it occurs in the plant, the mucilage is a mixture. It 
contains an average of 1 uronic acid molecule combined with ap- 
proximately 20 pentosan units. In the two fractions which were 
isolated the number of pentosan units that are combined with 1 
uronic acid molecule varied from approximately 8.5 to 17. The 
smaller the percentage of pentosan the more soluble is the fraction 
of the mucilage. This suggests that each mucilage molecule 
contains but a single uronic acid molecule and that its size and 
solubility are determined by the number of pentosan units that are 
attached to the uronic acid. The analyses all indicate that hex- 
oses are not present in the mucilage. Extraction of the furfural 
phloroglucide precipitate with ethanol also proved the absence of 
methylpentoses. 

Hydrolysis of Mucilage—Numerous hydrolyses of the mucilage 
were carried out. In this process it was mixed with 60 times its 
weight of a 4 per cent solution of sulfuric acid and allowed to stand 
until it had dissolved. The solution was then heated in a bath of 
boiling water for periods varying from 10 to 20 hours. During 
the hydrolysis a dark, flocculent precipitate always formed. This 
was filtered off, dried, and found to weigh approximately 3 per 
cent of the weight of the mucilage used. The filtrate was neu- 
tralized by careful addition of barium carbonate. The barium 
sulfate was filtered off and the filtrate was concentrated under 
reduced presstire to a syrup. The barium salts of the aldobionic 
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acids were precipitated by addition of ethanol, and separated 
from the ethanol solution of the sugars. 

Isolation and Identification of Sugars—The sugars were isolated 
by concentrating the ethanol solution and crystallizing them from 
glacial acetic acid and ethanol. Large amounts of d-xylose were 
obtained in all cases. The crude sugar first obtained usually 
showed [a]” varying from +20° to +25°, but after recrystalliza- 
tion it was identified as d-xylose by its [a]? = +18° and by con- 
version to the boat-shaped crystals of cadmium bromide-cadmium 
xylonate. After removal of much of the d-xylose from the syrup, 
crystalline l-arabinose was obtained. This was identified by its 
[a]> = +100° and by conversion to the a-benzylphenylhydrazone 
which melted at 168° and showed [a] > = —12.2°. Rosenthaler’s 
(4) test for methylpentoses was negative. No other sugars could 
be detected. 

To determine which of the two sugars was attached to the uronic 
acid, some of the mucilage was hydrolyzed as described above. 
The resulting barium salts were purified and mixed with a 4 per 
cent solution of sulfuric acid and heated for 10 hours in an auto- 
clave at a gage pressure of 17 pounds. The resulting sugar was 
isolated and identified as /-arabinose by conversion to the a-benzyl- 
phenylhydrazone. No d-xylose could be detected in this case, 
It thus appears that in the mucilage a uronic acid molecule is 
attached to a relatively small number of molecules of /-arabinose. 
The chain of l-arabinose molecules is in turn attached to a much 
longer chain of d-xylose molecules. All of the experiments in- 
dicated that it was very difficult to split off the last few sugar 
molecules from the uronic acid. 

Barium Salt of Aldobionic Acid—The barium salt of the aldo- 
bionic acid was prepared by hydrolyzing the mucilage for 20 hours, 
as previously described. Jt was purified by dissolving it in water 
and reprecipitating it with ethanol. On analysis it gave 11.20 
per cent carbon dioxide by the method of Lefévre and Tollens (2) 
and showed [a] = +58.2°. The barium salt of an aldobionic 
acid composed of a uronic acid combined with 1 molecule of a 
pentose should give 11.17 per cent carbon dioxide. This would 
indicate that the salt is pure. However, as will be shown later, 
some free barium galacturonate is present in this salt. The pres- 
ence of galacturonic acid in the aldobionic acid was‘established by 
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conversion to mucic acid, melting at 217°, by the method of Heidel- 
berger and Goebel (5). 

Oxidation of Aldobionic Acid—In order to oxidize the aldobionic 
acid to a dibasic acid 3.5 gm. of the above barium salt were dis- 
solved in water and 1.6 cc. of bromine were added. After standing 
for 24 hours the solution was warmed to expel the excess bromine 
and then placed in the refrigerator. 0.7 gm. of mucic acid, melting 
at 215°, crystallized out of the solution. The clear filtrate from 
the mucic acid was mixed with silver sulfate solution to remove 
hydrobromic acid. The excess silver was removed with hydrogen 
sulfide. The solution was concentrated to remove hydrogen sulfide 
and carefully neutralized with barium hydroxide. The barium 
salt of the dibasic acid was precipitated with ethanol. It was 
purified by dissolving it in water and reprecipitating with ethanol. 
On analysis it gave 9.14 per cent carbon dioxide by the method of 
Lefévre and Tollens (2) and showed [a]” = +67.4°. A dibasic 
acid composed of galacturonic acid combined with /-arabonic acid 
should give 9.21 per cent carbon dioxide. This proves that in 
the mucilage the aldehyde group of the galacturonic acid is at- 
tached to a hydroxyl group on the J-arabinose. The fact that 
some mucic acid was obtained during this oxidation indicates that 
the barium salt of the original aldobionic acid contained some 
barium galacturonate. 

It has been shown that d-galacturonic acid is present in the 
mucilage from Plantago psyllium (1). Since the salts of the aldo- 
bionic acids obtained from these two mucilages show practically 
the same [a], it is evident that the dextro form of galacturonic 
acid is present in the mucilage under investigation. 


SUMMARY 


A mucilage was isolated from the seed of Indian wheat, Plantago 
fastigiata, T., in a yield of approximately 19 per cent of the weight 
of the seed. It is a mixture of acids varying in composition from 
approximately 8 to 17 pentosan molecules combined with 1 mole- 
cule of d-galacturonic acid. The mixture consists of salts of 
d-galacturonic acid which is combined by a glycosidic union from 
its aldehyde group with a chain of a few molecules of /-arabinose. 
The latter sugar is attached to a longer chain of molecules of 
d-xylose. The d-xylose is apparently attached to a small amount 
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of some material which remains as an insoluble precipitate when 
the mucilage is hydrolyzed. 

The mucilage is very similar in composition and properties to 
the mucilage isolated from Plantago pysilium, L. (1). 
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The production of the brown pigment component of Drosophila 
and certain other insect eyes is controlled by diffusible substances, 
termed eye color hormones. These are sequentially related in 
Drosophila as follows: 


Precursor — v* hormone — cn* hormone — brown pigment 


The properties of these eye color hormones and methods of testing 
them in Drosophila and other insects have been described by several 
workers (1-4). All the available evidence agrees in indicating 
their amino acid-like nature. It has been found (5) that certain 
bacteria can synthesize a substance which is active in Drosophila 
in replacing the first hormone in the series, the vt hormone. This 
substance is formed from tryptophane and has been isolated in 
pure crystalline form (6). During the time our investigation of 
the structure of this active substance was in progress, a note by 
Butenandt, Weidel, and Becker (7) appeared. These authors, 
following the lead offered by the bacterial synthesis from trypto- 
phane, had systematically tested all known intermediates in 
tryptophane metabolism and found that’ -kynurenine had vt 
hormone activity in Drosophila and in Ephestia. We have con- 
firmed activity of /-kynurenine! in Drosophila. Kynurenine had 


* This work was supported in part by funds granted by the Rockefeller 
Foundation. 

' The authors wish to express their thanks to Dr. Clarence P. Berg, State 
University of Iowa, Iowa City, for his kindness in supplying the samples of 
l-kynurenine, d-kynurenine, d-tryptophane, and kynurenic acid used in this 
investigation. 
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previously been isolated and characterized by Kotake (8) who 
showed that it was a product of tryptophane metabolism by Bacil- 
lus subtilis and by mammals under certain conditions. 

Our investigation of the structure of the bacterially produced 
substance has established that a sucrose derivative of l-kynurenine 
is formed, apparently an ester. The relation of the naturally 
occurring Drosophila v+ hormone to kynurenine has not as yet 
been demonstrated, but the evidence indicates that these sub- 
stances are at least very closely related. The activity of l-kynure- 
nine and its production only from /-tryptophane make it probable 
that l-tryptophane is likewise the precursor of the Drosophila 
v+ hormone. 

Isolation of Crystalline Material—The preparation and isolation 
of the pure hormone of bacterial origin have been previously 
described (6). They involve the production of the substance by 
the Bacillus sp. grown on an agar medium containing /-trypto- 
phane, sucrose, and dead yeast. The active substance was ex- 
tracted from the medium with water-alcohol mixtures, and finally 
crystallized from hot 90 per cent ethyl alcohol. The yield is about 
25 per cent of the theoretical from the /-tryptophane added. 

Properties of Material—The bacterially produced hormone 
crystallizes in fine needles from alcohol, often arranged in rosettes. 
It has no definite melting point, but softens and decomposes, 
beginning at around 140°. It is optically active. The specific 
rotation of a 0.74 per cent solution in water is +13.5°. The 
substance is easily soluble in water, and in hot 90 per cent ethyl 
alcohol, and can be extracted from water by normal buty] alcohol, 
but is insoluble in absolute alcohols and in other organic solvents. 
Its activity is not lost on treatment with acid but is easily destroyed 
with alkali. A water solution gives a strong ninhydrin reaction. 
These properties agree with those reported for the naturally oc- 
curring fly hormones (4), indicating the close relationship. 

Elementary Composition—The elementary analyses had been 
provisionally interpreted (6) as indicating an empirical formula of 
CyHyN,Oy;. However, the isolation of -kynurenine and sucrose 
after hydrolysis of the material indicates that the alternative 
empirical formula C2;H3.N2O,,-2H,0 is correct. The material was 
dried in a high vacuum at 56° and analyzed. 
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CasH»N2Ou-2H.0. Caleulated. C 46.31, H 6.08, N 4.70 
Found. ** 46.77, “* 6.40, “ 5.28 (Dumas) 
** 46.49, “ 6.39, “ 5.11 
** 4.78 (ter Meulen)? 


That this formula and not a multiple thereof is correct was shown 
by determining the rate of diffusion through agar blocks, as pre- 
viously described (4), the concentration in the different blocks 
being measured by the biological test method. 

Hydrolysis with Alkali—-Kynurenine is decomposed by hydrolysis 
with weak alkali with the production of NH;. The bacterial 
hormone was inactivated on treatment with hot alkali. The 
theoretical yield of NH,OH was obtained on hydrolysis of the 
material with 0.01 n NaOH. 


4.81 mg. gave 0.625 ec. 0.0136 n NH,OH 
4.81 ‘ * 0.622 “ 0.0136 ‘ ” 
Co3Hg2N2O.4-2H.O. Calculated, N 2.35; found, N 2.48, N 2.47 


Hydrolysis of kynurenine with stronger alkali causes a more 
complete decomposition in which o-aminoacetophenone is pro- 
duced. This is also true of the bacterial hormone on treatment 
with hot 1 Nn NaOH. The o-aminoacetophenone, which is easily 
distinguished by its jasmine-like odor, was extracted from the 
hydrolyzed product with ether, dried in a vacuum, and the acetyl 
derivative made by treatment of the residue with acetic anhydride. 
The derivative was crystallized from alcohol. The acetyl deriva- 
tive melted at 73° (uncorrected). The reported melting point 
is 75°. 

Acid Hydrolysis—Kynurenine is stable towards acid hydrolysis, 
and forms an easily crystallizable sulfate. The bacterial product 
retains its activity on acid hydrolysis, but the sugar residue is 
removed. The kynurenine may be easily isolated as follows: 
A hot saturated solution of the bacterial compound in 90 per cent 
alcohol is made acid with 1 N H.SO, and the solution kept hot for 
a few minutes. On cooling, kynurenine sulfate crystallizes out. 
This material darkened at 165° and blackened completely at 180° 
without melting. The recrystallized material was dried at 80° 
for 12 hours and analyzed. 


* The authors are indebted to Dr. C. B. van Niel for carrying out this 
determination as well as for many helpful suggestions and criticisms. 
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Cy HyoN2O3- H,»SO,-2H,O. Calculated. C 37.39, H 4.56, N 7.93 
Found. “* 37.78, “* 5.25, “* 8.02 
ee ae 
The bromine addition product was made by adding dilute bromine 
water to a water solution of the sulfate. The product was re- 
crystallized from 50 per cent alcohol. It melted at 206-207° 
(decomposition). The melting point of the bromine compound 
made from authentic /-kynurenine was the same, as was that of a 
mixture of the two preparations. The recrystallized bromine 
derivative was dried at 100° for 24 hours and analyzed. 


C,,H,oN.0;Br.-2H,0. Caleulated. C 31.90, H 3.41, N 6.77 
Found. '- Re, - 25 7.06, tae 


Identification of Sucrose--A solution of the bacterial hormone 
reduces Fehling’s solution only after acid hydrolysis. Estima- 
tion of the sugar as sucrose by determining the reducing power 
after hydrolysis gave the correct theoretical amount. 


CosHy2N,Oi4-2H,O. Calculated. Sucrose 57.3, 
Found. * 58.7, 58.4 


On hydrolysis with 0.01 n NaOH the sucrose is split from the mole- 
cule without further hydrolysis. The kynurenine is decomposed 
by the alkali and its decomposition products were removed from 
acid solution with butyl aleohol. The sugar concentration in the 
remaining solution was estimated to be 0.278 per cent by deter- 
mining the reducing power on an aliquot after acid hydrolysis. 
The specific rotation of the sugar solution before, +67.2°, and 
after inversion, —21.5°, proved that it contained sucrose. The 
values for pure sucrose are +66.5° and —19.84°, respectively. 

It was then found that a short treatment with 0.1 N acid in 90 
per cent alcohol solution caused a splitting of the molecule into 
sucrose and kynurenine without leading to further hydrolysis of 
the sucrose. After the alcoholic solution was cooled and the 
crystallized kynurenine sulfate removed, the addition of a little 
absolute alcohol and ether cause the crystallization of sucrose 
from the solution. It was dried and analyzed. 


CyH»O;,. Calculated, C 42.1, H 6.5; found, C 42.0, H 6.6 


Constitution of Intact Molecule— After the isolation and identifica- 
tion of both hydrolytic products of the bacterial hormone, - 
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kynurenine and sucrose, there is left only the question of how the 
two components are combined. No definitive information is 
available regarding the point of attachment on the sucrose mole- 
cule. Neither carboxyl group can be titrated in water solution. 
This eliminates a possible linkage of the sugar through an amino 
group. Only 1 equivalent of aqueous alkali is required for titra- 
tion in 95 per cent alcohol solution with phenolphthalein. This 
shows that only one carboxy] group is in equilibrium with a charged 
basic group, and indicates that the second carboxyl group is not 
free. It therefore seems probable that the sucrose is esterified 
with one of the carboxyl groups of kynurenine. 

Biological Aspects of Kynurenine Production and Specificity 
The production of the active substance by the bacteria is strictly 
limited to its formation from /-tryptophane. A number of related 
substances have been tested for their ability to replace /-trypto- 
phane but all these were ineffective. They include indole, skatole, 
indoleacetic acid, indolepropionic acid, tryptamine, and d-trypto- 
phane. The results showed that only /-tryptophane can be used 
for the bacterial synthesis. 

As pointed out previously (5) this synthesis takes place from 
l-tryptophane only under aerobic conditions. It has also been 
found that it takes place only in the presence of an excess of carbo- 
hydrate, glucose or, preferably, sucrose. Presumably in the 
absence of carbohydrate, the kynurenine formed is further oxidized 
by the bacteria. 

The biological activity in Drosophila is also quite specific. 
d-Kynurenine is inactive. Kynurenic acid is also inactive as either 
the vt or the cn* hormone. 

The absolute activity of the various compounds of /-kynurenine 
has been determined by injection of solutions into vermilion- 
brown larvae.* The results were as follows: 


Substance tested Activity* 
units per mu X 10 


Known kynurenine 9 
Kynurenine-sucrose derivative. . 12 
Kynurenine sulfate from bacterial derivative. . . 

* See Tatum and Beadle (4). 


* For details of testing and for definition of the unit of activity see Tatum 
and Beadle (4). 
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It should be pointed out that the unavoidable experimental errors 
in the biological tests make this agreement quite acceptable. 


SUMMARY 


The substance produced by certain bacteria from /-tryptophane 
and which possesses v+ hormone activity in Drosophila has been 
found to be a sucrose ester of l-kynurenine. The /-kynurenine is 
the essential active portion of the molecule. /-Kynurenine, |- 
kynurenine sulfate, and the /-kynurenine-sucrose derivative have 
the same molar activity when tested in Drosophila larvae. This 
value approximates 12 < 10° units per mm. 
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PERMEABILITY OF THE HUMAN ERYTHROCYTE TO 
SODIUM AND POTASSIUM * 


By NATHANIEL B. KURNICKT 
(From the Medical and Dermatological Clinics of the Massachusetts General 
Hospital, and the Fatigue Laboratory, Harvard University, Boston) 


(Received for publication, May 22, 1941) 


The permeability of the red blood cell to sodium and potassium 
has been the subject of many investigations in recent years but 
the results obtained are not definitive. Part of the confusion 
perhaps may be attributed to the fallacy of drawing generalizations 
from studies upon different species. Thus, while sodium is the 
principal base in the erythrocyte of the cat and the dog, potassium 
is the principal base in the erythrocyte of the rabbit, the monkey, 
and man. An impressive number of observations (1-10) suggests 
that erythrocytes are impermeable to base. An equally impressive 
number (11-20) suggests that red cells are permeable but only under 
conditions thought to be unphysiological. Yet a third group 
(21-28) supports the contention that permeability exists even 
within the physiological range. In the third group are the studies 
of Conway and Boyle (29) which suggest permeability to potas- 
sium but not to the larger sodium ion. Finally, there is the state- 
ment of Yannet, Darrow, and Cary (30) that erythrocytes are 
permeable to base only in species which have a preponderance of 
sodium in the cell. These workers affirm, however, that an experi- 
mental error as great as 30 per cent might distort their conclusions 
in regard to sodium permeability in those species which have a 
preponderance of potassium in the erythrocyte. 

Recently, the use of radioactive isotopes of sodium and potassium 


* This investigation was aided by a grant from the Milton Fund of Har- 
vard University and by the Corn Industries Research Foundation. 
The author wishes to express appreciation to Dr. John H. Talbott, and 
Mr. William V. Consolazio and Mr. L. J. Pecora who aided in this study. 
+ Recipient of the William Hunter Workman Scholarship, Harvard 
Medical School, 1940-41. 
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has permitted a more exact evaluation of erythrocyte permeability, 
The collected data (31-35) on the rabbit, the dog, and man indi- 
cate that the erythrocyte of each is impermeable to potassium but 
permeable to sodium. The concentration of sodium in the ery- 
throcytes of the rabbit and man, however, is so low that the de- 
duction concerning permeability to this base may be in error. 

The studies reported in this communication are in agreement 
with the studies on radioactive substances. The work was done 
on the blood from six healthy young persons. It was pursued as 
a control for similar studies on patients with pemphigus.' It is 
concluded that the human erythrocyte is permeable to sodium but 
not to potassium except under unphysiological conditions. 


Methods 


Approximately 80 ml. of blood were withdrawn from an arm 
vein and placed in a tube which contained sufficient heparin to 
prevent coagulation. No precaution against CO, loss was taken. 
Immediately after the blood was mixed with heparin, 2 ml. were 
pipetted into each of four flasks containing 20 ml. of isotonic 
sucrose (0.291 m), 40 ml. of isotonic sucrose, 20 ml. of isotonic 
saline (0.85 per cent), and 40 ml. of isotonic saline, respectively. 
The bloods were mixed with the suspension fluid, following which 
2 ml. of the 1:11 suspensions and 4 ml. of the 1:21 suspensions 
were pipetted into 4 ml. hematocrit tubes. Also, 6 ml. of whole 
blood were pipetted into a 10 ml. hematocrit tube. All of the 
samples were centrifuged at 3000 r.p.m. for 3 minutes except the 
whole blood, which was centrifuged for 10 minutes. Essentially 
complete settling of the erythrocytes in the artificial media occurred 
during this time. The supernatant sucrose and saline were with- 
drawn by suction and as much plasma as possible was withdrawn 
from the tube containing whole blood. The latter was centrifuged 
for 40 minutes longer and the cell volume determined. In the 
first two experiments the remaining plasma was withdrawn, 
whereas in the other experiments the volume of the remaining 
plasma (less than 0.5 ml.) was determined and appropriate correc- 
tions for the sodium content of the plasma were applied to the 
analysis of the cell-plasma mixture so as to yield the cell sodium 
content. 


! Kurnick, N. B., Lever, W. F., and Talbott, J. H., unpublished work. 
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All of the blood containers were placed in a constant temperature 
water bath at 40°. At intervals of 1, 2, 4, 6, 8, 14, and 24 hours, 
respectively, samples were withdrawn and the above procedure 
repeated. 

The cells spun down from the sucrose and saline solutions were 
transferred quantitatively to quartz tubes and potassium deter- 
mined by the modification of the method of Consolazio and Tal- 
bott (36) described elsewhere.' The cells obtained from the whole 
blood samples were transferred quantitatively to platinum crucibles, 
dried, and ashed with a few drops of concentrated sulfuric acid. 
The ash was dissolved in dilute hydrochloric acid and made up to 
a volume of 10 ml. Determinations of sodium and potassium were 
made upon aliquots of this solution according to the method de- 
scribed by Consolazio and Dill (37). The concentrations of sodium 
and potassium in the plasma were determined by the above meth- 
ods. Water content was determined by desiccation at 110°. 


Results 


The effect of volume changes is avoided in the analysis of the 
electrolytes of cells by the methods employed and any variation 
in concentration observed is, therefore, produced by exchange of 
electrolytes up to the time that hemolysis appears. This becomes 
apparent in from 2 to 4 hours in the dilute sucrose solution, in 
from 4 to 6 hours in the concentrated sucrose solution and in 
whole blood, and in 24 hours in the saline solutions. Once hemoly- 
sis appears, it progresses at a constant rate but in no sample ex- 
cept the sucrose suspensions did it exceed 10 per cent of the to- 
tal cells. 

The studies with the artificial solutions are similar to those 
described by Davson (14) and in general confirm his results. 
Thus, there is a rapid loss of potassium from the erythrocytes in 
sucrose solutions (Fig. 1). The rate of loss is somewhat greater 
than Davson observed but the temperature of equilibration was 
15° higher than that used in his studies. Also, we observed a 
much slower rate of potassium loss in isotonic saline as compared 
with isotonic sucrose. A marked tendency toward erythrocyte 
agglutination in the sucrose suspension was confirmed. This 
phenomenon was interpreted by Davson as an effect of alterations 
in the erythrocyte membrane associated with permeability to 
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potassium. Our reason for using two dilutions of blood in sucrose 
and saline solutions was to test Davson’s (14) conclusion that 
dilutions over the range 1:5 to 1:100 have no effect upon the rate 
of potassium loss. If this were correct, we would be entitled to 
regard any differences which might appear in base permeations 
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Fic. 1. Change in concentration of potassium per original liter of cells 
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so as to give smooth curves. 


in the blood of patients with pemphigus and in normal blood as 
caused by real differences in the state of the cell membranes and 
not due to original differences in the protective action of the serum 
due to its abnormal electrolyte concentrations. Fig. 1 indicates 
that even small amounts of serum exert a protective action, since 
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the rate of potassium loss is slightly greater in the more dilute 
solutions associated with earlier hemolysis and more marked 
agglutination. However, the difference between the two rates 
in each pair is small, so that direct comparison of the results in 
patients with pemphigus and normal subjects is justified. 

The observations on potassium loss by the erythrocyte in whole 
blood incubated at 40° are presented in Fig. 2. The potassium 
content is corrected to 1 liter of original cells and the differences 
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Fic. 2. Change in concentration of potassium per original liter of cells 
equilibrated at 40° in plasma. The area bounded by the curves represents 
the range of a series of observations on six bloods made at the various 
times indicated. The lines are drawn so as to give smooth curves. 


in the original hematocrit do not appear. As in our other studies! 
the changes are real and independent of water exchange. It is 
apparent from the data that no loss of potassium occurs for the 
first 8 hours; thereafter, the loss is constant. Hemolysis also 
appears about this time but this alone does not account for the 
potassium loss. The hemoglobin content of the serum, as deter- 
mined colorimetrically, demonstrates that hemolysis is responsible 
for approximately 50 per cent of the potassium exchange. 

The cell sodium studies are summarized in Fig. 3. The observa- 
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tions are corrected to an original volume of 1 liter of cells and the 
changes are absolute. The data indicate that sodium enters the 
cells from the plasma at a slow, constant rate. No correction for 
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hemolysis is made. If this were done, the rate of sodium gain 
would be increased over that shown. 

The concentrations of plasma constituents were determined 
because it was hoped that they would serve as a check upon the 
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cell constituents. Before these data are given, however, it seems 
desirable to consider water exchange between cells and plasma, 
inasmuch as the plasma analyses were made upon 1 ml. amounts 
of plasma after equilibration. Water changes were determined 
from hematocrit readings, plasma water contents, and serum solid 
contents and calculated from the observed concentrations of 
sodium and potassium in the plasma, and the observed changes 
in the cellular content of these bases. The hematocrit readings 
are given in Table I. The trend in the cell volume is believed to 
be more significant than the absolute values. It is apparent that 
the cell swells in spite of hemolysis. 


TABLE I 


Cell Volume of Whole Blood after Incubation for Various Periods of Time 
and Centrifugation at 3000 R.P.M. for More Than 40 Minutes 


The values are expressed in per cent. 





























Subject 
Time a Hemolysis 
N.B. K.| R.S.M.) A.B. | W.L. | E.J. 

Ae ce we «45 48 42 46 42 None 
lhr., 25 min.... ae 47 42 e 
2hrs.,20 “ ............| | 40 | 48 | 42 «“ 
eee | 53 | 41 | 48 | 43 | Slight 
ek We eee | 41 | 49 | 44 “ 
gs“ 20 “............) 62 | 52 | 43 | SO | 44 “ 
ON ere te oes | 53 47 Moderate 
25 « | 55 | 55 Marked 





* Doubtful value. 


Direct determinations of plasma water (Table II), which was 
studied in two experiments only, proved unsatisfactory because 
of the small volume of plasma available for analysis. Open con- 
tainers were used and the desiccated serum was used later for 
determination of sodium and potassium. The loss of water is 
apparent. The increase in protein content in the same sample of 
plasma is confirmatory of the water shift. The determination of 
total solids per liter of plasma is not affected by the use of open 
containers and, therefore, is more reliable. In Fig. 4, data from 
three experiments are given. The gain in content of solids 
amounted to more than 10 per cent in 14 hours. Hemolysis 
contributed in a small measure to this change. 
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The plasma sodium and potassium observations are presented 
in Figs. 5 and 6. An initial increase in plasma sodium concentra- 


TaBe II 
Water and Total Nitrogen Content of Plasma Incubated with Red Blood Cells 





























| Water | Total nitrogen 
Time a - 
| Subject E. J. | Subject W. L. | Subject E. J. | Subject W. L. 
gm. per l. gm. per l. | gm. per 100 ce. | gm. per 100 ce. 
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Fic. 4. Change in concentrations of solids in plasma equilibrated at 40° 
with cells. 


tion appeared during the first 4 to 8 hours. Thereafter the plasma 
lost sodium rapidly. The apparent contradiction to the cell so- 
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dium data is explained when it is appreciated that the effect of 
water changes is excluded only in the cell analysis. A steady 
trend toward concentration of plasma solids has been noted, indi- 
cating a constant transfer of water from serum to cells. If this 
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Fic. 5. Change in concentration of sodium in plasma equilibrated at 
40° with cells. The area bounded by the curves represents the range of a 


series of observations on six bloods made at the various times indicated. 
The lines are drawn so as to give smooth curves. 


correction were applied to the plasma curves, its effect would be 
to change the initial increase to a very slight decrease. 

There is no increase in plasma potassium until 4 hours have 
elapsed. The effect on the shape of the curve during the first 4 
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hours, if corrected for water exchange, would be negligible. Later, 
correction would tend to reduce the rate of increase and would 
make it coincide with the rate of cell potassium change. Correc- 
tion for hemolysis would be in the same direction as for water 
shift. 

From the data on absolute changes in sodium and potassium in 
the cells and concentration changes in the plasma, it is possible 
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Fic. 6. Change in concentration of potassium in plasma equilibrated at 
40° with cells. The area bounded by the curves represents the range of a 
series of observations on six bloods made at the various times indicated. 
The lines are drawn s0 as to give smooth curves. 


to calculate the rates of water exchange quantitatively by the 


formula, 

Vs _ G+ B 

Ve (BY 
where V, represents the final volume of a given original volume of 
plasma (Vo) at time ¢, (B)» and (B), represent the base concentra- 
tions in the original and final plasma, respectively, and B (which 
is assumed to occupy no space) represents the absolute increase 
in the base B per volume of original plasma. When V» = 1 liter, 
the final volume per liter of original plasma is obtained. The 
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results of the calculations except those of the first two experiments 


are presented in Fig. 7. 
Calculation of V, for potassium introduces too large an error 
to be of value. An example will illustrate this. If Keo = 100 + 2, 
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Fig. 7. Change in concentration of water per original liter of plasma 
equilibrated at 40° with cells. The area bounded by the curves represents 
the range of a series of observations on six bloods made at the various times 
indicated. The lines are drawn so as to give smooth curves. 


Key = 90 + 2, Keo = 4, Keg = 15, and V. = 50 per cent, then 
K = 10 + 4 at 24 hours, and Vgxu = (4 + 10 + 4)/16 X 1000 = 
875 + 250 ml. Thus the calculated volume change might vary 
from +125 to —375. Such large errors would not appear if 
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sodium data were substituted. If Nao = 13 + 1, Nag = 
40 + 1, Nay = 140, Naw = 130, and V. = 50 per cent, then 
Vnax = 1000 K (140 — 27 + 2)/130 = 870 + 154 ml. Our 
calculations therefore have ‘been confined to sodium. (The sub- 
scripts refer to phase and time. Thus, K.o represents the concen- 
tration of cell K in milliequivalents per liter at zero time of draw- 
ing blood; K. represents the content of K in milliequivalents of 
the same | liter of cells after 24 hours of equilibration; Ky,» and 
K.« represent the plasma concentrations at the respective time 
intervals.) 

The effect of hemolysis is to increase the plasma volume values 
at the expense of the cell volume. However, the same trend 
toward reduction of V, is observed as is found in the hematocrit 
determinations and is more constant because of the greater ac- 
curacy of the method. Had there been no hemolysis, there would 
have been no reduction in the rate of this volume shift, such as 
occurs after 12 hours 

DISCUSSION 

The analysis of potassium loss by the erythrocyte confirms the 
results of Davson (14), Kerr (17), Maizels (18), and others in 
demonstrating the injurious effect produced upon the erythrocyte 
membrane by suspension in non-electrolytic solutions and to a 
lesser degree in isotonic saline solutions. Even small amounts of 
plasma appear to exert a slight protective effect in reducing the 
rate of potassium loss. In undiluted plasma there is no loss of 
potassium for the first 8 hours, at which time hemolysis appears. 
While the degree of hemolysis is insufficient to account for all of 
the potassium lost, it is believed that permeability to potassium 
exists only under abnormal conditions which permit hemolysis 
and agglutination. It might be argued that the permeability to 
potassium observed after 8 hours in the whole blood studies is not 
indicative of a degenerative change in the erythrocyte membrane 
but is due to the water shift which became large enough to stretch 
the membrane “pores”’ (38) to a critical size except for the potas- 
sium ion. There are two reasons for our inability to subscribe 
to a simple “pore” theory. (1) We have observed a similar loss 
of potassium in patients with pemphigus who exhibit a different 
magnitude of water transfer;' (2) permeability to the larger sodium 
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ion exists from zero time. It is concluded that the water shift 
merely contributed to the alteration of the cell membrane and 
that potassium permeability exists only in the altered state. 
The observations on sodium, on the other hand, reveal a different 
process. Permeability to sodium begins promptly and several 
hours before hemolysis appears. This is observed in patients with 
pemphigus! as well as in normal controls and makes it unnecessary 
to postulate any basic alteration in the erythrocyte membrane 
in this malady. The size of the water shift is sufficient to account 
for the conclusions of the first group of authors (1-10) whose deter- 
minations are based on volume changes during carbon dioxide 
equilibration experiments without direct chemical analyses of the 
cell electrolytes. They concluded that permeability to base does 
not exist. Eisenman, Hald, and Peters (39) from in vivo experi- 
ments stated that, “On the whole the red cells in the circulating blood 
seem to react as they do in the test-tube, expanding and contract- 
ing in response to osmotic influences by exchanges of water without 
base.””’ However, their chemical analyses demonstrated transfer 
of base. They suggested, because of other data from their labora- 
tory (40) which indicated phosphorus permeability only when the 
cells were active metabolically, that the cell membrane is, in fact, 
impermeable to base, but that base nevertheless does traverse the 
cell membrane in response to metabolic requirements. It is our 
opinion that metabolic forces may affect the point of ionic equi- 
librium, but cannot alter permeability (unless it be assumed that a 
complete alteration in the nature of the membrane is produced by 
them). We regard permeability as a function of the membrane 
alone, while the point of equilibrium is determined by forces acting 
on both sides of the membrane (including metabolic as well as 
osmotic forces) which impel permeable ions to traverse the mem- 
brane. In such a theory, we explain the migration of phosphorus 
only across the membrane of metabolically active cells by assuming 
that the membrane is permeable to phosphates under all conditions, 
but that permeation is detectable only when the equilibrium is 
disturbed by the metabolism of phosphates. We are able, also, 
by this theory, to account for the osmotically abnormal distribu- 
tion of sodium between cells and plasma in exacerbations of pem- 
phigus.' Furthermore, wide variations in cell base which were 
observed by Hald and Eisenman (41) and offered as proof of their 
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contention have not been observed in other laboratories (42, 43).' 
The data of Butler and MacKay (44) are in accord with our con- 
clusions. They observed a tendency for the cell sodium to de- 
crease when the Na:K ratio in the diet was reduced; meanwhile 
the cell potassium content remained constant. 


SUMMARY 


It is concluded that the reestablishment of osmotic equilibrium 
upon equilibration of whole blood at a pCO, far below that encoun- 
tered in the body is attained not only by an exchange of anions and 
water between cells and plasma but also by an exchange of sodium. 
The intact erythrocyte membrane is impermeable to potassium 
but not to sodium. Migration of base, therefore, is not merely 
a mechanical transfer through “pores” in the cell membrane. The 
erythrocyte membrane becomes permeable to potassium following 


injury. 
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STUDIES IN AMINO ACID METABOLISM 


VII. THE METABOLISM OF /(+)-ARGININE AND dl-LYSINE IN 
THE NORMAL RAT* 
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(Received for publication, May 24, 1941) 


For many years it has been assumed that arginine is an amino 
acid capable of producing appreciable amounts of sugar in the 
animal organism. This assumption is based upon the work of 
Dakin (1), who reported that when this hexone base was adminis- 
tered to a dog suffering from phlorhizin poisoning, an amount of 
“extra sugar’ corresponding to 3 carbon atoms was found in the 
urine. He believed that this conversion occurred through the 
production of ornithine, a view strengthened by the demonstra- 
tion of the enzyme, arginase (2). Dakin, utilizing the same experi- 
mental procedures, was unable to arrive at any definite conclusion 
concerning the metabolism of a second hexone base, lysine (1). He 
did not believe that any appreciable production of “extra sugar” 
or 6-hydroxybutyric acid followed the feeding of this amino acid. 
Corley (3) reported that a compound that might be considered 
somewhat related to lysine, namely e«-aminocaproic acid, failed to 
produce any “extra sugar” in a phlorhizinized dog. 

In the case of some of the other amino acids, it has been shown 
that the metabolism may be both qualitatively (4) and quantita- 
tively (5) different in the normal animal from that in an animal 
with phlorhizin poisoning. It was therefore thought worth while 
to repeat these experiments with a different technique and to make 
a comparison between these two hexone bases as to their ketolytic 
or ketogenic properties. These results are reported in this paper. 


* This study was assisted by a grant from the American Philosophical 
Society. Published with the approval of the Monographs Publication Com- 
mittee, Oregon State College. Research Paper No. 48, School of Science, 
Department of Chemistry. 
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EXPERIMENTAL 


The procedures used in earlier studies of amino acid metabolism 
which have been reported in detail elsewhere (6) were employed 
in this investigation. The method of determining whether or not 
an amino acid can cause the decrease of acetone bodies as measured 
by the ketonuria has yielded considerable information. 

In the present study rats were used as experimental animals. 
The acetonuria was induced by the feeding of sodium butyrate by 
stomach tube (15 gm. per sq.m. of surface area per day) to animals 
previously fasted 24 hours. The effect of the amino acid feeding 
was superimposed on this ketosis. Urine samples were collected 


TaBLe | 
Glycogen Content of Livers from Female Rats Sacrificed at Various Time 
Intervals, after Either dl-Lysine or l(+-)-Arginine Was Fed in 10 Per Cent 
Aqueous Solution 
The pH was adjusted to 6.5. The control animals received a 5 per cent 
sodium chloride solution. Maximum absorption occurred at all times. 


Glycogen content after various time intervals 


Material fed 
4 hrs. 8 hrs. 12 hrs. 

standard standard standard 

per cent deviation per cent deviation percent deviation 

of mean of mean of mean 

dl-Lysine 0.15 (11) | 40.03 0.14 (13) +0.03 0.08 (6) +0.01 
l(+-)-Arginine 0.14 (13) | 40.03 0.33 (19)*| +0.05 10.49 (9)*| +0.09 
Control 0.13 (13) | £0.03 (0.18 (11) | £0.04 0.08 (16) | 40.01 


The numbers in parentheses refer to the number of animals in each group 
* Significantly higher than the control by the ¢ test of Fisher (8). 


every 24 hours and analyzed for total acetone bodies by the Van 
Slyke method and nitrogen by the Kjeldahl procedure. 

As confirmatory evidence the effect of the amino acid feeding on 
the liver glycogen of female rats was studied. As reported earlier 
(6) the animals had access to filter paper during a 48 hour fast 
preceding the experiment. The amino acids, as the monohydro- 
chlorides, were made up in 10 per cent aqueous solutions and the 
pH adjusted to 6.5. During the experimental period the animals 
were fed every 2 hours an amount greater than could be absorbed 
during this interval. At the end of the period (4, 8, or 12 hours) 
the animals were sacrificed, with sodium amytal as an anesthetic, 
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and the livers removed and analyzed for glycogen according to 
the method of Good, Kramer, and Somogyi (7). 


Results 


The glycogen studies are reported in Table I. It will be seen 
that almost identical values are given for every period when the 
animals receiving di-lysine are compared with the controls, the 
maximum value being 0.18 per cent, which was in the 8 hour 
control. With /(+)-arginine there was a small but appreciable 
increase in glycogen at the end of 8 hours and a further increase at 
the end of the 12 hour period. 

The experiments in which the ketonuria was developed after 
sodium butyrate was fed failed to show any significant effect after 
di-lysine feeding. Although on every day, except the Ist, the 
ketonuria is higher in the lysine-fed animals than in the control 
group, the differences are not statistically significant when the 
variations between the individual animals are considered. 

On the other hand /(+)-arginine did cause a decrease in the 
excretion of acetone bodies below the level given by the control 
animals. This lowering of the ketonuria was evident on each of 
the 5 experimental days. The results of this experiment are re- 
ported in Table II. 

The amino acids were from two sources. The dl-lysine was 
synthesized in our laboratory, while the /(+)-arginine was a com- 
mercial product. On analysis both amino acids showed a very 
high degree of purity. 


DISCUSSION 


‘he small amount of liver glycogen formed after /(+-)-arginine is 
fed is rather surprising when one considers the production of 
“extra sugar” in the urine of a phlorhizinized dog receiving this 
amino acid. However, this is not the only compound which gives 
different results when various techniques are employed. For 
instance, it is generally agreed that glycine is a poor glycogenic 
amino acid; yet when it is fed to a phlorhizinized dog, sufficient 
“extra’’ sugar is excreted to account for all the carbon contained in 
the glycine molecule. Other such discrepancies are found with 
cystine (9) and phenylalanine (5). It seems improbable that 
species variation could account for these differences in response and 
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it would appear more logical to attribute this difference to the use 
of the phlorhizin. Dakin (1) drew an analogy between ornithine 
(as a breakdown product from arginine) and glutamic acid, be- 
cause approximately the same amount of “extra sugar” was ex- 
creted after these amino acids were fed to phlorhizinized dogs. 
Yet when glutamic acid was fed to rats under conditions com- 
parable to the conditions reported in this study, considerably more 
glycogen was formed (6) than was found after /(+)-arginine. The 
fact that dl-lysine does not give any increase in liver glycogen would 
seem to indicate that the metabolic pathway of this hexone base 
may not necessarily be different under these two experimental 
régimes. 

In the experiments in which the effect of the amino acids on 
ketonuria was studied, the response of /(+-)-arginine is what one 
would expect from the glycogen studies, namely a lowering of the 
acetonuria. In the exogenous type of ketosis on the Ist day there 
was a definite decrease in the ketonuria. The effect increased 
progressively on the following experimental days. After di-lysine 
was fed, there was no significant change in the ketonuria. Thus 
one is forced to the conclusion that di-lysine does not contribute 
to the liver glycogen stores nor appreciably to the acetone body 
output in the urine. It is true that every day, except the Ist 
experimental day, the acetonuria was elevated above the control 
level, but statistically these differences are not valid and the con- 
clusion seems warranted that if dl-lysine does contribute to the 
ketonuria, the amount is very slight. 


SUMMARY 


1. (+)-Arginine gives rise to a small amount of liver glycogen 
when fed to a fasting rat. 

2. 1(+)-Arginine feeding causes a decrease in the ketonuria 
developed in a fasting rat fed sodium butyrate. 

3. dl-Lysine in metabolism is evidently not concerned with 
glycogen or acetone body formation. 
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RADIOACTIVE IODINE AS AN INDICATOR OF. THE 
METABOLISM OF IODINE 


III]. THE EFFECT OF THYROTROPIC HORMONE ON THE TURN- 
OVER OF THYROXINE AND DIIODOTYROSINE IN THE 
THYROID GLAND AND PLASMA* 


By M. E. MORTON, I. PERLMAN,? anv I. L. CHAIKOFF 


(From the Division of Physiology of the Medical School of the University of 
California, Berkeley) 


(Received for publication, May 5, 1941) 


In the present investigation radioiodine was injected into normal 
guinea pigs and into guinea pigs that had been treated with thyro- 
tropic hormone; the rates at which radiothyroxine and radiodi- 
iodotyrosine appeared thereafter in the plasma and thyroid glands 
were measured. It was previously pointed out that labeling of 
body iodine by the administration of radioiodine provides for the 
first time a convenient method for measuring the rates of formation 
of diiodotyrosine-like and thyroxine-like fractions (1). Moreover, 
by means of the “tracer dose” of radioiodine, the endogenous 
turnover of these two fractions can be followed, for the actual 
amount of iodine introduced into the animal in this manner does 
not alter the total iodine content of the body (2). 

In contrast to the measurement of the total content of thyroxine 
and of diiodotyrosine in a tissue, determinations of radiothyroxine 
and radiodiiodotyrosine need suffer no loss of accuracy when these 
two iodine fractions are present in very minute quantities so long 
as sufficient radioactivity is present in these fractions. The accuracy 
of the separation in such cases is maintained by the addition of 
non-radioactive carriers. By this means the determination of 
both radiothyroxine-like and radiodiiodotyrosine-like fractions 
may be readily achieved in small amounts of plasma in which, 
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because of their low concentrations, chemical procedures now 
available are of doubtful significance. It is important to note 
here, however, that determinations of labeled thyroxine and di- 
iodotyrosine provide no information on the total content of these 
two substances in a tissue. The measurement of radiothyroxine 
and radiodiiodotyrosine is therefore not a substitute for the meas- 
urement of total quantities of these substances. The content of 
labeled thyroxine and diiodotyrosine formed after the administra- 
tion of radioiodine does, however, provide new information on 
their rates of formation and distribution. 


EXPERIMENTAL 


Male guinea pigs weighing between 400 and 500 gm. were used 
in this study. They were maintained on a stock pellet diet, the 
feeding of which was not interrupted during the entire period of 
observation. ‘Two series of experiments were run; in each ten 
animals were used. Each of five animals received subcutaneously 
once daily for 4 days 1 mg. of a thyrotropic preparation;' the other 
five animals served as controls in each series. On the 5th day the 
hormone-treated as well as the control guinea pigs received intra- 
peritoneally 2 cc. of an isotonic salt solution containing tracer 
amounts of radioiodine. At various intervals thereafter the 
animals were anesthetized with nembutal, and blood and thyroid 
glands quickly removed for analyses. About 10 cc. of blood were 
taken from each animal and placed in a centrifuge tube containing 
heparin. 

The thyroid tissue was hydrolyzed for 8 hours with 2 Nn NaOH 
after the addition of desiccated thyroid as carrier in the manner 
previously described (1). 4 to 6 ec. of plasma were hydrolyzed 
without a carrier; 10 cc. of 2 N NaOH were used for each cc. of 
plasma. The fractionation of the thyroid hydrolysate into thy- 
roxine, diiodotyrosine, and inorganic iodine has been described 
elsewhere (1). In all the samples, total radioiodine was deter- 


1 We are indebted to Dr. Q. Bartz of Parke, Davis and Company, Detroit, 
for the supply of thyrotropic preparation used in this investigation. This 
fraction assayed 4 guinea pig units per mg. The unit is defined as the total 
dose in mg. injected subcutaneously once daily for 4 days into 180 to 200 
gm. guinea pigs, producing on the 5th day minimal but definite hyperplasia 
of the thyroid in all of six animals. 
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mined in an aliquot portion of the hydrolysate; this permitted a 
comparison between the sum of the radioactivities in the various 
fractions and the total in the hydrolysate prior to separation. The 
methods of separation of plasma iodine into its three fractions 
differed only in the quantities of butyl alcohol used for extraction 
and of the 20 per cent NaOH used in washing the butyl alcohol. 
40 to 60 cc. of plasma hydrolysate were extracted with two 20 cc. 
portions of butyl alcohol. The combined alcoholic extracts were 
then washed successively with 30 and 15 ec. portions of 20 per 
cent technical NaOH. In all other respects the treatment of 
plasma was identical with that of the thyroid tissue. 


Results 


Rate of Organic Fixation of Iodine by Thyroid Gland—Upon 
entering the blood stream, the administered radioiodine serves to 
label circulating inorganic iodine and inorganic iodine in other 
tissues that may have come into equilibrium with blood iodine. 
2 hours after the labeled iodine was injected, 4 to 9 per cent of it 
was found deposited in the whole of the thyroid gland? removed 
from each of the normal or control guinea pigs, whereas 12 to 23 
per cent was taken up by the glands that had been made hyper- 
active by hormone treatments (Table I). A similar increase in 
the uptake of labeled iodine by thyroid tissue of animals treated 
with thyrotropic hormone has been previously observed by others 
(3-5). The amounts that are organically fixed by the normal 
and hyperactive glands can be obtained by the addition of Columns 
2 and 3 in Table I. At the 2 hour interval about 90 per cent of 
the total labeled iodine found in the normal glands is organically 
bound, whereas only 70 per cent is so held in the glands that have 
been made hyperactive. At the 26 hour interval the whole normal 
glands contained from 14 to 27 per cent of the administered labeled 
iodine, and the hyperactive glands from 32 to 41 per cent (Table 
I). In both cases, however, the major portion of the labeled iodine 
held by the gland was not free. Approximately 90 per cent of it 
was organically bound. 

Distribution of Organically Bound Radioiodine As Thyroxine and 
Diiodotyrosine in Thyroid Gland—The distribution of the labeled 


? Throughout this study the results are recorded on the basis of the whole 
gland. 
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iodine within the gland among the three fractions studied, viz. 
iodide, thyroxine-like, and diiodotyrosine-like fractions, is shown 
graphically in Fig. 1. Although at the 2 hour interval the major 
portion of the labeled iodine within the gland was in the form of 
diiodotyrosine in both normal and hyperactive states, the levels 
were by no means similar in these two conditions. About 80 per 
cent of the labeled iodine present in the normal gland was found 
as diiodotyrosine, whereas about 50 per cent was in this form in 
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2 HRS. 26 HRS. 














Fic. 1. Per cent of thyroid I* found as thyroxine (hatched section), 
diiodotyrosine (solid black section), and inorganic iodine (clear section). 
N refers to normal animals; H refers to animals treated with thyrotropic 
hormone. 


the hyperactive gland. This difference is reflected in the higher 
proportions found as thyroxine and iodide in the hyperactive 
gland. In the latter, 20 per cent of the labeled iodine within 
the gland was present as thyroxine, as compared with about 10 
per cent in the normal gland. The amount of inorganic iodine 
in the hyperactive glands was about three times that in the normal 
(29 and 9 per cent respectively). 

Inorganic and Organic Radioiodine in Plasma—aAll plasma 
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values are expressed on the basis of 20 cc. of plasma (Table I). If 
each guinea pig contains 20 cc. of plasma, it follows that at the 2 
hour interval 2 to 3 per cent of the injected iodine was still present 
in the total plasma of the animal. At this time no difference was 
observed between normal guinea pigs and those treated for 4 days 
with thyrotropic hormone with respect to the amount of total 
labeled iodine found in their plasma. The amount of this labeled 
iodine that was incorporated into organic compounds differed 
considerably, however, in the normal and hormone-treated animals. 
About 90 per cent of the plasma radioiodine was still inorganic 
in the plasma of the normal animal at the 2 hour interval, as 
compared with only 60 per cent in animals treated with thyrotropic 
hormone. 

A marked decrease in labeled iodine in the plasma occurred 
between the 2 hour and the 26 hour interval after I* administra- 
tion. Between these two intervals the content of labeled iodine 
in the plasma of the normal animal fell from an average of 2.5 
per cent of the amount injected to 0.3 per cent, while in the hor- 
mone-treated animal the drop was from 2.5 to 0.7 per cent. It is 
seen that whereas the total labeled iodine content of the plasma at 
2 hours is about the same in normal animals and those with hyper- 
active glands, the drop with time is less precipitous in the latter. 
Not only is the total radioiodine greater in the hyperactive plasma 
at 26 hours, but the fraction organically bound is also higher. In 
the hormone-treated animal at 26 hours, almost 90 per cent of the 
plasma radioiodine is found in organic form, while in the normal 
plasma less than 70 per cent is organic. 

Distribution of Labeled Plasma Iodine between Thyroxine and 
Ditiodotyrosine—At the 2 hour interval, very little (less than 1 per 
cent) of the labeled iodine was found as thyroxine in the plasma of 
normal guinea pigs, but at 26 hours about one-half of it was present 
in this form (Fig. 2). Diiodotyrosine, which constituted about 
8 per cent of the labeled plasma iodine at 2 hours, rose to about 
11 per cent at 26 hours. It is evident that both organic fractions 
increased with time, but that the thyroxine fraction rose much 
more sharply than did the diiodotyrosine fraction. Thus at the 
earlier interval several times more of the labeled plasma iodine 
was found as diiodotyrosine than as thyroxine, but at 26 hours 
nearly 5 times as much of the labeled plasma iodine was present 
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in thyroxine as in diiodotyrosine. These increases in the two 
organic fractions of normal guinea pig plasma are reflected in the 
fall of inorganic iodine; between 2 and 26 hours inorganic radio- 
iodine fell from 92 to 32 per cent of the labeled plasma iodine 
(Fig. 2). 

In the plasma of guinea pigs treated with thyrotropic hormone, 
the fraction of plasma iodine present as thyroxine exceeded that of 
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Fic. 2. Per cent of plasma I* found as thyroxine (hatched section), 
diiodotyrosine (solid black section), and inorganic iodine (clear section). 
N refers to normal animals; H refers to animals treated with thyrotropic 


hormone. 


the normal at both time intervals examined. Thus in the hor- 
mone-treated animals 8.5 per cent of the total labeled plasma iodine 
was found as thyroxine at 2 hours and about 80 per cent at 26 
hours (Fig. 2). It is again of interest to note here that at 2 hours 
the percentage of labeled plasma iodine present as diiodotyrosine 
was about 3 times that found as thyroxine, but at 26 hours 11 
times as much of the labeled iodine was present as thyroxine as 
was found as diiodotyrosine. At both intervals the fraction of 
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labeled plasma iodine in the inorganic form was far smaller in the 
hormone-treated than in the normal guinea pigs. This suggests 
a more rapid conversion of inorganic to organic iodine in the 
hormone-treated animal. 


DISCUSSION 


Earlier measurements have shown that under the influence of 
the thyrotropic hormone the iodine content of the gland is greatly 
reduced, whereas that of plasma is increased; the thyroxine-like 
fraction practically disappears from the gland (6-9). These 
findings may now be considered in relation to the present ob- 
servations on the distribution and fate of injected iodine that has 
been labeled by its radioactivity. Larger amounts of the adminis- 
tered labeled iodine appeared in the hyperactive than in the normal 
gland; in addition, the former contained about twice as much or- 
ganically bound labeled iodine as did the normal glands. Thus, 
despite the fact that, as already noted, the thyroid gland has been 
depleted of its iodine and thyroxine under the influence of the 
thyrotropic hormone, the capacity of the hyperactive gland for 
removing recently injected iodine and converting it to organic 
compounds is greatly increased above normal. These two ob- 
servations are not necessarily in conflict, since the decrease of 
total iodine and of iodine compounds in the gland represents a 
loss of material that had probably been stored there for long 
periods, whereas the amount of labeled iodine present in the gland 
measures only the iodine that had been incorporated during short 
intervals of 2 and 26 hours. 

The preponderance of newly formed thyroxine at the late in- 
terval is indeed worthy of note. At 26 hours about 80 per cent 
of the plasma iodine in the guinea pigs treated with the thyrotropic 
preparation was present as thyroxine. This observation suggests 
that the end-product of iodine synthesis is thyroxine. 


SUMMARY 


1. Following the administration of radioiodine, the deposition 
of labeled thyroxine and diiodotyrosine in thyroid gland and 
plasma of normal animals was compared with that in guinea pigs 


treated with thyrotropic hormone. 
2. At both time intervals studied (2 and 26 hours after its in- 





























Morton, Perlman, and Chaikoff 611 


jection) a larger part of the radioiodine was bound organically by 
the hyperactive than by the normal gland. 

3. The plasma of the hormone-treated animals contained larger 
amounts of organically bound labeled iodine than did the plasma 
of the control animals. 

4. A larger proportion of the total labeled thyroid iodine was 
always present as diiodotyrosine than as thyroxine, but relatively 
less as diiodotyrosine and more of the total thyroid I* as thyroxine 
were found in the hyperactive than in the normal gland. 

5. In both normal and hormone-treated animals, a larger pro- 
portion of the total plasma I* was present as diiodotyrosine than 
as thyroxine at 2 hours but at 26 hours the proportion of plasma 
I* found as thyroxine far exceeded that found as diiodotyrosine. 
At the 26 hour interval after I* administration, about 80 per cent 
of the total I* contained in the plasma of the hormone-treated 
animals was present as thyroxine as compared with 50 per cent 
in the plasma of normal animals. 


The samples of radioiodine used in this investigation were pre- 
pared in the Berkeley cyclotron by members of the Radiation 
Laboratory under the direction of Professor E. O. Lawrence, to 
whom our thanks are due. 
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CUCURBIT SEED GLOBULINS 


I. AMINO ACID COMPOSITION AND PRELIMINARY TESTS OF 
NUTRITIVE VALUE 
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HUBBELL, anp LAURENCE 8S. NOLAN 


(From the Biochemical Laboratory of the Connecticut Agricultural Experiment 
Station, New Haven) 


(Received for publication, May 28, 1941) 


Attention has recently been drawn (1) to the problems presented 
by the Federal regulations on the use of hemp-seed under the 
Marihuana Law of 1937. Edestin, the globulin of hemp-seed, 
has become difficult to secure, and it seemed desirable to investigate 
the possibility that some other seed globulin may be substituted 
for it in many types of work. A consideration of the properties 
of various vegetable proteins, and of the availability of the seeds 
from which they are obtained, has led to the suggestion that the 
globulin of the seeds of one of the species of the genus Cucurbita, 
which includes the pumpkins and squashes, may fulfill most of 
the requirements. 

An examination has accordingly been made of the globulins 
obtained from the seeds of a representative variety of each of the 
common species of Cucurbita and, in addition, the globulins from 
several varieties of watermelon seed and from the seeds of a single 
variety each of cantaloupe and of cucumber have been prepared 
and studied. 


EXPERIMENTAL 


Preparation of Seed Globulins—The following procedure is de- 
signed for the preparation of reasonably large amounts of globulin, 
but the quantities mentioned may be changed proportionally 
according to circumstances. The classical methods of Osborne 
have been modified chiefly by the omission of fat extraction of the © 


* John Simon Guggenheim Memorial Fellow. 
613 











614 Cucurbit Seed Globulins 


meal, and by the introduction of a heat coagulation step designed 
to remove minor quantities of proteins, presumably of the albumin 
type, before precipitation of the globulin. The laborious separation 
of the testa from the seeds, as practiced by Krishnan and Krish- 
naswamy (2) and by Wang (3), is unnecessary. 

The air-dry seeds, in lots of 4 kilos, are ground in a meat grinder, 
first with the coarsest cutting plate, and then with the finest, and 
the meal is mixed with about 12 liters of warm (30-35°) 10 per 
cent sodium chloride solution. Filter paper clippings are then 
added and incorporated with the hands until a mass is produced 
that can readily be molded into square flat cakes that are wrapped 
in stout canvas press-cloth (drilling) and pressed, in piles of four at 
a time, between steel plates in the hydraulic press (Buchner press) 
at about 2000 pounds per sq. inch. The dry cakes are broken up, 
moistened with warm salt solution (about 8 liters), and the material 
is pressed a second time. The turbid emulsion from the press 
(about 16 liters in all) is heated in enamel ware pails in a hot 
water bath to 75°, transferred to large flasks, and allowed to stand 
overnight. The still turbid aqueous phase is siphoned from be- 
neath the layer of fat emulsion and protein coagulum and is filtered 
through a thick layer of paper pulp, packed hard and previously 
washed once with 10 per cent salt solution. A vacuum not ex- 
ceeding 5 inches of mercury should be used. Although a higher 
vacuum may give a more rapid initial filtration rate, it ultimately 
leads to clogging of the filter and may yield a turbid filtrate. 

The emulsion is centrifuged, as much of the aqueous layer as 
possible is removed for filtration, and, when all has run through, 
the emulsion layer is also added to the filter. It is usually well 
to remove the clear filtrate at this point in case some turbid material 
should come through, but, with care, and provided a sufficiently 
thick layer of pulp has been employed, the fat and coagulated 
protein are quantitatively retained. Alternatively, the emulsion, 
diluted with a little salt solution used to rinse the flasks, may be 
mixed with filter paper clippings in sufficient amount to make a 
fairly firm cake and pressed. The fluid obtained is added to the 
filter after the bulk of the main solution has passed through. The 
filter is finally washed once with a little salt solution. 

The yellow filtrate should be perfectly clear but possess a strong 
Tyndall effect; it is warmed to 60°, diluted with 4 volumes of 
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water, also at 60°, and the solution is allowed to stand overnight 
in a cold room, or out of doors in cold weather. The supernatant 
fluid is removed (further dilution in the cold should give no more 
precipitate), and the protein is collected on hard paper in a Buch- 
ner funnel, or, if recrystallization is contemplated, on folded soft 
paper filters. For recrystallization, which may be repeated as 
many times as is desired, the folded papers are reduced to pulp 
with the aid of a little salt solution, the mass is diluted to about 
two-thirds of the original volume of filtrate with 10 per cent salt 
solution, filtered through pulp as before, and the filtrate is again 
warmed to 60°, diluted with 4 volumes of warm water, and chilled 
overnight. 

After being filtered, the crystalline protein is washed from the 
hard paper with 30 per cent alcohol, and, in large scale operations, 
it is convenient to collect successive lots under this solvent before 
proceeding with the washing. This is carried out by repeatedly 
suspending the protein in 30 per cent alcohol until the filtrate gives 
a negligible test for chloride; the material is then washed at least 
twice on the funnel with 95 per cent alcohol, and may be granulated 
by being brushed through a fine sieve while still in a somewhat 
moist condition. It is finally spread on pans in a thin layer and 
allowed to dry in the air. The yield ‘from Cucurbita moschata 
seed is usually about 500 gm. or 12.5 per cent. 

Prepared in this way, the proteins from cucurbit seeds separate 
from solution almost entirely in the form of regular octahedra, but 
the crystals seldom survive the washing and dehydration operations 
undamaged. The dry white powders finally obtained, although 
doubtless pure as this term is customarily employed in connection 
with protein preparations (4), are seldom striking objects under 
the microscope. Good preparations may be kept for some time, 
however, in suspension in the 2 per cent salt solution from which 
they have separated, if protected with toluene and preserved in 
the refrigerator. 

For use in nutrition experiments, recrystallization of the glob- 
ulin is probably unnecessary. The chief contaminants to be 
anticipated are the traces of water-soluble proteins which may be 
absorbed by the globulin during the crystallization; the greater 
part of these are removed, in the present procedure, by the heat 
coagulation step before the globulin is brought to separate. 
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Cucurbit Globulins—Table I shows the range of yields of glob- 
ulins secured in most cases from 1 kilo lots of air-dry seeds' by 
the procedure described. One lot of seeds of each kind was ex- 
tracted with ether, after being ground, and the dry meal was used 
for protein preparation. No particular advantage, either in yield 
or quality, was apparent from this elaboration of the method. The 
yields of ether extract, obtained by distilling the solution and 


TABLE | 
Yields of Globulin and of Ether Extract (Mainly Liquid Fat) from Seeds of 
Various Cucurbil Species 


The figures are percentages of air-dry whole seeds. 


Species Globulin — a Sa 

Cucurbita moschata, var. striped 

cushaw squash 10.5-12.5 31.5 Red 
Cucurbita pepo, var. Connecticut 

straight neck squash 9.5-12.4 30.4 Yellow 
Cucurbita maxima, var. Hubbard 

squash 12.5-13.4 28.0 Deep red 
Citrullus vulgaris, var. Halbert honey 

watermelon 6.3,°:7:7 23.2 Yellow 
Cucumis melo, var. Hale’s best canta- 

loupe 7.3 26.4 “ 
Cucumis sativus, var. Davis perfect 

cucumber 14.8-15.4 26.1 . 


* Yield based on 35.2 kilos of seeds. 


drying the oil on a steam bath for several hours, are also given. 
The oils were mostly pale yellow; that from the Hubbard squash 


‘1 For the purpose of preparing globulins, seeds of low germination rate 
are as satisfactory as fresh, fully viable seeds. Such material, representing 
old stock, can frequently be obtained from wholesale seedsmen at a fraction 
of the market price. Pumpkin seeds can be obtained at the proper season 
from canners who have equipment for washing and drying the seeds, often 
at a price that represents merely the labor involved in this operation, al- 
though information on the exact variety represented is seldom to be had. 
However, the variety of Cucurbita pepo known as Connecticut Field, and 
the varieties of Cucurbita maxima known as Boston Marrow and Golden 
Delicious are commonly grown for the cannersin the east. We are indebted 
to the courtesy of Mr. Maurice Rogers of 8. D. Woodruff and Sons, Orange, 
Connecticut, for most of the seeds used in the present investigation. 
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seed was red and probably contained protochlorophyll (5) which 
is present in a thin layer on the endosperm of this variety. Toa 
lesser degree, this was true of the oil from the cushaw squash 
seed. The figures in Table I are not to be understood as analytical 
values; they serve merely to indicate the order of magnitude of 
the proportions of air-dry globulin and of oil secured from air-dry 
seeds in careful but routine operations. 

Table II shows the average nitrogen, sulfur, and ash content 
of from two to five individual preparations of the several globulins, 
each crystallized at least twice. The determinations were made 
on air-dry specimens and the results are calculated on the ash-free, 
dry basis. It is improbable that any valid discrimination can 


TaBLe II 
Nitrogen, Sulfur, and Ash Content of Cucurbit Seed Globulins 


Average values of analyses of two to five preparations; the nitrogen and 
sulfur were calculated ash- and moisture-free; the ash was calculated 
moisture-free. 


Sulfur Ash 


! 














Species Nitrogen 

a ——) see | appeal een 
Cucurbita moschata...... 18.55 0.986 0.22 
" pepo..... , 18.42 0.99; 0.42 
r maxima... , 18.52 0.94, 0.16 
Citrullus vulgaris 18.64 1.06 0.20 
Cucumis melo. . 18.38 1.02 0.16 
- sativus. . 18.40 1.04 0.18 








be made between these globulins on the grounds of differences in 
either nitrogen or sulfur content. The ash values indicate that 
a high degree of purity, with respect to inorganic contamination, 
can be secured without recourse to dialysis or electrodialysis. Jones 
and Gersdorff (6) reported 18.41 per cent of nitrogen and 1.13 
per cent of sulfur as the averages of analyses of fourteen prepara- 
tions of globulin from Cucumis melo, and 18.51 per cent of nitrogen 
and 1.00 per cent of sulfur in the globulin of Cucurbita maxima, 
variety Hubbard squash. Osborne found 18.51 per cent of nitro- 
gen and 0.88 per cent of sulfur in this last globulin (7). 

Amino Acid Determinations— Determinations of arginine, tyro- 
sine, and tryptophane are shown in Table III. The diflavianate 
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Tase III 
Arginine, Tyrosine, and Tryptophane Yielded by Globulins of Cucurbit 
Seeds, and by Edestin, and Tobacco Seed Globulin 
The figures not otherwise designated are percentages of the dry ash-free 
proteins. 


| S content 





ais as Arginine | No.of | of mono- ine Trypto- 
Species Arginine | protein | mina. eo wy en bo 
6.56 
per cent per cent | | per cent per cent per cent 
Cucurbita moschata..| 16.17 + 0.03) 28.07 | 4 | 6.53 | 4.36 | 1.69 
“pepo 16.24 + 0.06 28.37 4 | 6.66 | 4.36 | 1.61 
ss mazxima...| 16.21 + 0.06 28.16 4 6.64 4.34 | 1.63 
Citrullus vulgaris, | 
var. Stone Moun- 
tain | 17.91 + 0.13) 30.92) 8 6.57 | 4.57 | 1.79 
Citrullus vulgaris, | 
var. Kleckley | 
Sweet ....ee.| 17.90 + 0.11) 30.91 | 3 
Cucumis melo | 16.58 + 0.05 29.02 4 6.62 3.93 1.77 
a sativus 15.84 + 0.03) 27.71 { 6.56 4.60 1.71 
Hemp 16.76* 28.9 $.51¢  1.45t 
Tobacco | 16.09* 27.8 4.07 1.41 


* From Vickery (8). 

t Folin and Ciocalteu (9) found 4.53 and 1.51 per cent respectively of 
tyrosine and tryptophane; Folin and Marenzi (10) found 4.54 and 1.45 
per cent. 


method (8) was employed for arginine,’ and information is provided 
from which an estimate of the probable accuracy of the results may 


2 In the original description of the procedure for the determination of 
arginine by the diflavianate method (8), it was recommended that the 
diflavianate be allowed to crystallize for 4 days in the refrigerator. The 
practice had been to remove the beakers singly for prompt filtration after 
this period. On one occasion, all four beakers were removed at once and 
allowed to stand at room temperature while filtration was carried out 
seriatim on a single sintered glass funnel. The four results obtained in the 
analysis of a sample of watermelon seed globulin were, in the order of treat- 
ment, 17.75, 17.59, 17.43, and 17.44. It is obvious that solution of a little of 
the diflavianate occurred during the period that these samples stood at 
room temperature. Accordingly, it is necessary to filter the arginine 
diflavianate immediately after removal from the refrigerator (temperature 
6-7°); this was implied in the original description but was not specifically 
stated. Delay in filtration may give rise to a somewhat subtle error. 

Reasonably satisfactory determinations of arginine on aliquots of a 
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be made. Tyrosine and tryptophane were determined by the 
methods of Folin and Ciocalteu (9), the slight modification of 
Folin and Marenzi (10) with respect to quantities of reagents and 
heating time being used in the tyrosine analysis. The figures 
given are averages of triplicate determinations. The analyses of 
edestin were carried out as a contro] on technique; the results ob- 
tained agree closely with those given by Folin and his collaborators. 
The values for the tobacco seed globulin are included for compari- 
son with a globulin of widely different botanical origin. Jones 
and Gersdorff (6) determined arginine in the squash seed and 
cantaloupe seed globulins by the Van Slyke method finding, re- 
spectively, 15.69 and 16.26 per cent. 

Particular attention was given to the chemical study of the 
globulin of watermelon seed. The value 17.9 per cent for arginine 
closely confirms the yield of 17.3 per cent obtained by other 
methods by Krishnan and Krishnaswamy (2). Their values of 
4.61 per cent of tyrosine and 1.86 per cent of tryptophane are also 
confirmed. This globulin yields more arginine than any other 
vegetable protein of which record has been found, and may well 
serve as a valuable source of this amino acid. Owing to the some- 
what low yield of the globulin from watermelon seed, however, 
the squash and pumpkin seed globulins present definite advantages 
even for this purpose. 

It is perhaps interesting to note that the classification of the 
watermelon in the genus Cucurbita, as suggested by Linnaeus, is 
not supported by the present chemical studies. For the botanical 
justification of the name, Citrullus vulgaris Schrad., systematic 
works should be consulted (11). 

Stoichiometric Relationships—An examination of the stoichio- 
metric relationships between analytical results for amino acids, 
granting the purity and homogeneity of the samples of protein 
analyzed, provides an opportunity to check the apparent accuracy 


watermelon seed globulin hydrolysate that represented as little as 0.250 gm. 
of the protein have been carried out without essential change in technique 
save the reduction in scale of the operations to one-tenth of that usually 
employed. The results were 17.86, 17.66, and 17.84, average 17.79, per cent 
of arginine. Although the use of so small a sample is possible in the case of 
a protein of high arginine yield, it is not to be recommended if great ac- 
curacy is desired, and the results would have doubtful significance in the 
ease of a protein of low arginine yield. 
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of the determinations against each other. The results of the 
present analyses, expressed in terms of mm per gm. of protein, are 
shown in Table IV. Although it is probably futile, in view of our 
ignorance of the molecular weight of these proteins, to discuss 
possible integral regularities among the reciprocals of these num- 
bers, that is among the minimal molecular weights of the several 
proteins calculated from the analyses, the figures in Table IV show 
certain relationships that can hardly be without significance. For 
six of the eight proteins, the number of mm of tyrosine found are, 
within a few per cent, equal to one-quarter of the number of mm 
of arginine, and for the other two proteins (Cucumis melo and 
Cucumis sativus) the ratios are respectively close to 2:9 and 2:7. 


TABLE IV 


Arginine, Tyrosine, and Tryptophane Yielded by Cucurbit Seed Glebulins 
and by Edestin and Tobacco Seed Globulin 


The figures represent mM per gm. 





Tyrosine Tryptophane 





Species | Arginine | 

Cucurbita moschata..... 92.9 | 24.1 8.28 
“pepo | oe 4 eh 7.89 

o maxima. ... 93.1 24.0 7.99 
Citrullus vulgaris 102.9 25.2 8.77 
Cucumis melo | 95.3 | 21.7 8.67 
- salivus 91.0 25.4 8.38 
Hemp 96.3 24.9 7.11 


Tobacco 92.4 22.5 6.91 











For the first four cucurbit proteins listed, the number of mm of 
tryptophane is close to one-third of that of the tyrosine and to 
one-twelfth of that of the arginine; for the other two cucurbit 
proteins the ratios of tryptophane to arginine are close to one- 
eleventh. The chief significance of such calculations at the present 
time, in view of the uncertainty as to the true accuracy of the 
analytical results, is to reinforce the impressions gained from the 
data as a whole as to differences or similarities among the several 
proteins. 

Globulin Specificity—Table III shows that the globulins of 
Cucurbita moschata, Cucurbita pepo, and Cucurbita maxima, the 
three species which include the numerous cultural varieties com- 
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monly known as squashes and pumpkins,* are indistinguishable 
from each other on the grounds of differences in arginine, tyrosine, 
and tryptophane yielded on hydrolysis, but the other three cucur- 
bit globulins clearly differ from each other and from these in both 
arginine and tyrosine; the tryptophane values are, however, very 
nearly the same in all the cucurbit proteins within the limits of 
error of colorimetric determinations. Edestin and the tobacco 
seed globulin are obviously distinguishable from each other and 
from the other globulins. 

The close similarity to each other of the globulins of the three 
species of Cucurbita is of special interest. Hirohata (13), in his 
comprehensive study of the globulins of some thirty-eight varieties 
in eight genera of the family Cucurbitaceae, unfortunately included 
no varieties of Cucurbita pepo and Cucurbita maxima. He was 
unable to show chemical differences in which he had confidence 
among any of these globulins, with the exception of the globulin 
from one species of .omordica, but tests of the precipitin reactions 
indicated that there are immunological differences that render 
discrimination possible in many, if not most, cases. However, 
the globulins of Citrullus and Cucumis species were immunologi- 
cally closely alike, although that of Cucurbita moschata differed 
from these two. Leontjew (14) found no differences in a number 
of physical properties among the globulins of Citrullus vulgaris, 
Cucumis melo, and Cucurbita maxima. Jones and Gersdorff re- 
ported experiments by Wells in which no difference was found by 
means of the anaphylaxis test between the globulins of Cucurbita 
maxima and Cucumis melo. 

At the present time, no chemical or immunological difference 
has been established among the globulins of the three species of 
cucurbits that are commonly known as squashes and pumpkins. 
A careful immunological study of these proteins might well prove 
rewarding, but the experience of Wells, reported by Jones and 
Gersdorff, suggests that the anaphylaxis test may not prove to be 
sufficiently sensitive to establish differences, if such exist. 

Nutritive Properties—The adequacy of the globulin of Cucurbita 


* These terms have significance only in local and common usage. A 
thorough discussion of this complex group of plants is given by Tapley, 
Enzie, and van Eseltine (11), and a brief treatment of their genetics by 
Whitaker and Jagger (12). 
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moschata seeds as the sole source of protein in the diets of young 
rats was tested in comparison with edestin, casein, and lactal- 
bumin. Males weaned at 21 days of age, with an average body 
weight of 48 gm., were fed diets of the composition: protein 20, 
butter fat 9, lard 20, starch 49, Salts 351 (15) 2 per cent; 10 drops 
of cod liver oil were supplied as a daily supplement, and yeast was 
given in amounts that varied with the weight of the animal (400 
mg. daily at the start, 600 mg. from 100 to 150 gm. of body weight, 
and 800 mg. from 150 to 200 gm., when the tests were terminated), 

The food mixtures prepared from seed globulins previously 
dried with alcohol were crumbly rather than pasty, and consider- 
able difficulty was experienced through wastage by the animals. 
This was largely obviated by mixing the powdered globulin with 


TABLE V 
Comparative Rates of Growth of Rats Furnished Seed Globulins, Casein, or 
Lactalbumin 
z Average daily 
Protein Px ks & gain from 

= 60 to 200 gm. 
gm. 
Casein 10 4.2 
Lactalbumin 7 4.7 
Edestin 8 3.3 
Globulin of Cucurbita moschata 8 3.3 
5 3.2 


Watermelon seed globulin 


twice its weight of water, allowing the suspension to stand over- 
night, and then drying it in a thin layer on pans at a temperature 
of 88°. The protein was thereby converted into a product of 
horny texture that could be finely ground and incorporated into 
the diet mixture to produce a satisfactorily soft paste. This food 
was scattered very little by the animals. 

Table V shows the results of a number of preliminary experi- 
ments on the rate of growth from a body weight of 60 to 200 gm., 
an interval during which the animals of this colony normally 
grow rapidly. The rate with the globulin of Cucurbita moschata 
is as satisfactory as that with edestin, but neither protein gave 
results the equal of those with lactalbumin or casein. This is in 
part due to the notably slower rate of growth in the first few days 
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on the experimental diets with either globulin; for the first 20 
gm. of gain in body weight the animals seldom increased as much 
as 2 gm. per day, although subsequently the growth rates acceler- 
ated. A similar retardation in the growth rate at the start was 
not observed with the animals furnished lactalbumin or casein; 
with these proteins the gain was more than 3 gm. per day from 
the beginning. 

The experiments with watermelon seed globulin were much 
less satisfactory than those with the globulin of Cucurbita moschata; 
two animals died for no clearly obvious reason, and all save one 
animal suffered from diarrhea during much of the experimental 
period; these difficulties were not experienced with edestin or with 
the globulin of Cucurbita moschata. Further tests with watermelon 
seed globulin as well as with globulins from other cucurbit seeds 
are being conducted. 


SUMMARY 


Crystalline globulins have been prepared from the seeds of six 
common species of the family Cucurbitaceae and compared with 
respect to the yields of arginine, tyrosine, and tryptophane after 
hydrolysis. It is shown that the proteins from the three botanical 
species commonly known as squashes and pumpkins are indis- 
tinguishable by these criteria, but chemical differences have been 
detected among these three on the one hand and the globulins from 
watermelon seed, cantaloupe seed, and cucumber seed. The 
globulin of watermelon seed yields a higher proportion of arginine 
than any other vegetable protein on record, no less than 17.9 per 
cent having been isolated as a pure crystalline derivative. 

A comparison of the nutritive properties of the globulin of one 
variety of squash seed with those of hemp-seed edestin has shown 
that there is little to choose between these two when furnished as 
the sole source of protein to young growing rats. Neither is as 
satisfactory as casein or lactalbumin with respect to the production 
of rapid growth. Watermelon seed globulin is less satisfactory 
than that of the squash seed as the sole source of protein for young 
animals. 
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The methylation of compounds in the animal body has been 
known for many years, and as in many other metabolic processes 
the early evidence was derived from the fate of compounds foreign 
to the animal body. The study of pyridine (1) and tellurium (2) 
clearly demonstrated the ability of animals to carry on methyla- 
tion. The concept of methylation as a general metabolic process 
was explicitly stated some 50 years ago by Hofmeister who studied 
the methylation of tellurium and who suggested that the forma- 
tion of choline and creatine which occur normally might be due to 
the same methylating mechanism (2). 

When it was shown that homocystine would support growth on a 
methionine-free diet only in the presence of choline or related sub- 
stances (3), a new condition was imposed on the methylation 
process. The explanation presented as the most probable one 
for this observed relationship of choline to homocystine was that 
choline had acted as a donor of methyl groups for the synthesis of 
methionine from homocystine. From this the hypothesis arose 
that the animal organism was incapable of generating methyl 
groups for such a methylation. It also followed that methylation 
of other nitrogen- and sulfur-containing compounds might like- 
wise be restricted by the same conditions. As a result of these 
hypotheses, a new concept in nutrition began to take form; that 
is, that methyl groups in a particular form such as in choline and 
methionine must be present in the diet. 

The inference that a methyl group was transferred from choline 
to homocysteine led to the postulation that a reversal of the trans- 
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fer might also be possible. It was therefore suggested that ‘“methi- 
onine as a constituent of the diet may be a precursor of choline in 
so far as the methyl groups are concerned” (3). As we have pre- 
viously suggested, this theory offered a reasonable explanation of 
the lipotropic action of methionine in animals maintained on a 
choline-deficient diet. 

The likelihood that methionine might be a donor of methy| 
groups was not inconsistent with previous work which indicated 
that demethylation was involved in the metabolism of methionine. 
In 1932, Butz and du Vigneaud (4) demonstrated that the de- 
methylation of methionine in vitro led to the formation of homo- 
cystine and speculated on the possibility that demethylation might 
similarly occur in the catabolism of methionine. They predicted 
that if this were true homocystine, like methionine, would be 
capable of substituting for cystine in the diet. Results of sub- 
sequent feeding experiments agreed with the predicted behavior, 
yielding evidence in favor of the demethylation of methionine in 
its metabolism (5). The work of Lewis and coworkers and of 
others as reviewed by Lewis (6) likewise led to this view. Atten- 
tion in the earlier work, however, was not focused on the fate of 
the methyl group in this process; somewhat later, however, the 
question was raised by Brand, Cahill, and Harris (7) and by Lewis 
(6) whether the methyl group liberated in the process might be 
utilized in other syntheses, such as the formation of creatine. 
Recently Borsook and Dubnoff (8) have shown that liver slices 
will synthesize extra creatine from guanidoacetic acid in the 
presence of added methionine, but not in the presence of added 
choline. As we have already pointed out (9), methyl transfer 
from choline to guanidoacetic acid might take place through the 
agency of homocysteine and the consequent intermediary forma- 
tion of methionine. 

Because of the significance which the direct experimental proof 
of these postulated transmethylation reactions would have, not 
only to sulfur metabolism but also to fat metabolism and to the 
general question of methylation, we sought for an experimental 
approach of a direct nature. It occurred to us that we might be 
able to follow the methyl group metabolically by labeling it with 
deuterium. We decided to attempt first to trace the migration of 
the methyl group from methionine to choline and creatine. 
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The synthesis of methionine with the hydrogens of the methyl 
group replaced with deuterium. was therefore undertaken. The 
deuteriomethy] iodide which was necessary for the synthesis of the 
deuteriomethionine was prepared from deuteriomethyl alcohol 
which had been made by the catalytic reduction of carbon monox- 
ide with deuterium gas under pressure according to the method of 
Zanetti.' The deuteriomethyl! iodide was then used to methylate 
sodium homocysteinate in liquid ammonia (5). 

In a preliminary experiment the deuteriomethionine was fed at 
an average daily level of 70 mg. for 3 days to an animal on a diet 
free of methionine and choline. The animal was sacrificed and 
the choline was isolated as the chloroplatinate from the carcass. 
We also sought for the presence of the deuteriomethy] group in the 
ereatine which was isolated as creatinine. The deuterium con- 
centration of the choline chloroplatinate and of the zine chloride 
complex of creatinine was determined and found to be equivalent 
roughly to 14 per cent and 9 per cent respectively of the theoretical 
maximal concentration of deuterium calculated on the basis of 
the transfer of the deuteriomethyl group from the dietary methi- 
onine. An experiment of 3 weeks duration showed an increased 
deuterium concentration of the methyl groups of the choline; 
namely, 57 per cent of the methyl groups had been derived from 
the methionine fed. A longer term experiment (8 weeks) gave 67 
and 65 per cent of the theoretical maximum for choline and 
creatine respectively. 

As will be noted in the latter experiment the values for the deu- 
teriomethyl content were approximately two-thirds of the the- 
oretically possible value. Of course, one would not expect to 
approach 100 per cent transfer from the dietary methionine unless 
an experiment of extremely long duration were carried out in 
order that the ordinary methyl groups already present in the body 
at the beginning of the experiment could be completely replaced 
with deuteriomethyl groups. However, if the maximum obtain- 
able value for the deuterium content of the methyl groups of 
choline and creatine isolated were attained at two-thirds the value 
of the deuterium content of the methyl group of methionine fed, 
it would be of significance in the interpretation of the mode of 
transfer. Consequently we realized the necessity of an experi- 


' Zanetti, J. E., unpublished data. 
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ment in which deuteriomethionine was fed at the level used before 
until the deuterium content of the methyl group did exceed two- 
thirds of the dietary methionine. Such an experiment was initi- 
ated and the deuterium content of creatinine was followed by igo- 
lation from the collected urine at intervals, to be certain the anima] 
was not sacrificed prematurely. Since the deuteriomethyl content 
of the isolated creatine of the tissues in the previous experiment had 
been almost equal to that of the choline, we were quite certain that 
the deuteriomethyl content of the creatinine in the urine at any 
time should mirror the deuteriomethyl content of choline and 
creatine within the body. 

When the deuteriomethy! content of the creatinine of the urine 
reached approximately 85 per cent of the theoretically possible 
amount, the animal was sacrificed and the deuteriomethy! content 
of the creatine and choline of the tissues was determined. In 
accordance with our expectations based on the deuterium content 
of the creatinine, the creatine and choline possessed a level of 
deuterium in the neighborhood of 85 per cent. The value was 
experimentally significant and proved beyond question that the 
deuteriomethyl content of choline and creatine could rise above 
two-thirds of the concentration of the deuterium of the methyl 
group of the methionine fed. 

To afford direct proof that the deuterium of the choline isolated 
from the animal body was all present in the methyl groups, a deg- 
radation of the compound was undertaken. The choline was 
oxidized with alkaline potassium permanganate solution and the 
resulting trimethylamine was collected as the hydrochloride (10). 
The latter was precipitated as the chloroplatinate and found to 
contain all of the deuterium originally contained in the choline. 

In the light of the data on the transfer of the methyl group of 
methionine to creatine, the methyl group of choline should be 
expected to find its way into the creatine molecule, if our theories 
regarding the relationship of choline to methionine are correct. 
We therefore synthesized choline containing deuteriomethy! 
groups by the methylation of aminoethanol with deuteriomethy! 
iodide. This deuteriocholine was administered to animals on a 
methionine-choline-free diet containing homocystine. The in- 
creasing deuterium content of the creatinine of the urine was fol- 
lowed at 2 week intervals for 23 and 56 days respectively. At the 
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end of these periods the animals were sacrificed and the creatine 
isolated from the body tissues. The deuterium concentrations of 
the two samples were equivalent to 24 and 29 per cent respectively 
of the theoretical maximum. Thus direct proof was obtained 
that the methyl groups of choline could be released to participate 
in transmethylation. 


EXPERIMENTAL 


Preparation of Deuteriomethylmethionine—The deuteriomethyl 
alcohol was prepared by the method used by Zanetti! and was then 
converted with phosphorus and iodine to deuteriomethyl iodide. 
The latter was used for the methylation of homocysteine in liquid 
ammonia (5). The deuteriomethionine obtained from two dif- 
ferent samples of methyl alcohol contained 23.9 (Preparation I) 
and 22.8 (Preparation II) atom per cent deuterium respectively, 
corresponding to 87.5 and 83.6 per cent of the theoretically possible 
amount of deuterium respectively. The deuterium content was 
determined by the measurement of the density of the water ob- 
tained from combustion of the compound (11). 


Analysis? 
Calculated. N 9.22 
Found. ‘* (Preparation I) 9.23, N (Preparation I1) 9.30 


Preparation of Deuteriocholine Chloride-—Deuteriomethyl] iodide 
was prepared from 4.28 gm. of deuteriomethy] alcohol as described 
in the synthesis of deuteriomethionine. The iodide was distilled 
directly through a water-cooled condenser into an ice-salt-cooled 
flask containing 8.8 gm. of aminoethanol. The mixture of iodide 
and aminoethanol was allowed to stand at room temperature with 
occasional shaking for 60 hours. 

The contents of the reaction vessel were then dissolved in 80 ce. 
of 0.2 x sodium hydroxide and to the solution were added 550 ce. 
of a saturated aqueous solution of ammonium reineckate. The 
flask was left in the refrigerator overnight for complete precipita- 
tion of choline reineckate. The preparation was filtered and 


2 All calculated values are based on increased molecular weight due to 
deuterium in the molecule. 
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dried. 17.24 gm. of deuteriocholine reineckate were obtained. 
The over-all yield from deuteriomethy! alcohol was 64 per cent. 

The reineckate was decomposed by the method of Kapfhammer 
and Bischoff (12) and the resulting solution of deuteriocholine 
chloride concentrated to dryness in vacuo at 35-40°. This materia] 
was taken up in absolute alcohol, and the solution was filtered 
and again was concentrated to dryness. 3.45 gm. of the product 
were obtained. From 50 mg. of the choline chloride the chloro- 
platinate was prepared for analysis. The deuterium content was 
54.3 atom per cent which corresponded to 84.5 per cent of the 
theoretically possible amount. 


Analysis—Calculated, N 4.44, Pt 30.9; found, N 4.61, Pt 30.8 
Feeding Experiments 


Feeding of Deuteriomethionine—Young rats, weighing about 40 
gm., were used in these experiments. During the experimental 
period, the rats received ad libitum a cystine-choline-free diet, 
containing no methionine except the deuteriomethionine which 
comprised 1.4 per cent of the total diet, 7.c. 60 to 70 mg. per day. 
The diet, which contained only pure amino acids as the source of 
amino nitrogen, and the vitamin supplements have been described 
in previous papers (3, 13). The changes in body weight of these 
animals, indicating that the diet was adequate for growth, and 
the amounts of methionine ingested during the experimental 
period are given in Table I. In order to determine the deuterium 
content of the choline and creatine of the body after the feeding of 
the deuteriomethionine, it was necessary to sacrifice the animals 
and, as shown in Table I, this was done after 3, 23, 54, and 94 days 
respectively. In the case of the last two animals, Rats 326 and 
387, the urine was collected during given intervals for the isola- 
tion of creatinine. The deuterium contents of the latter are given 
in Table II. The animals were kept in individual metabolism 
cages and the urine, which was maintained acid for preservation, 
was collected under mineral oil. 

Feeding of Deuteriocholine—Two rats were placed on the basal 
diet described in a previous paper (13). To this diet 1.2 per cent 
homocystine was added and 50 mg. per day of deuteriocholine 
chloride were fed along with the vitamin supplement. During 
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TaBie I 
(Choline and Creatine Isolated from Bodies of Animals Fed Deuteriomethionine 
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995 | 3 (44 49] 0.20 | 87.5 | 7.7] 11.9] 13.7) 3.4] 7.9] 9.1 
99% | 23 |42- 54! 1.37 | 87.5 | 32.3 | 50.2 | 57.4 | | 

326*| 54 37-76, 3.14 | 87.5 37.9 | 59.0 | 67.3 | 24.3 | 56.7 | 64.8 
387 | 94 40-126 6.28 | 83.6 47.6 | 74.2 | 88.6 | 31.3 | 73.0 | 87.1 


| 18.2}| 72.8 | 87.4 


' 


* Rat 326 was fed 0.57 gm. of guanidoacetic acid from the 38th to the 48th 
day of the experiment and on the 47th and 48th days received 2.8 per cent 
deuteriomethionine in the diet. 

+ Analyzed as the creatinine potassium picrate. 


TABLE II 


Creatinine from Urine of Animals Fed Deuteriomethionine 


Deuterium Creatinine isolated 

ro g anata 

Rat No. \orine collection, "ethionine | Deuterium in | Deuterium in| ye 
(A) K picrate | (B) 

days atom per cent atom per cent atom per cent 
387 8-29 83.6 10.0 40.0 17.8 
30-44 14.0 56.0 67.0 
5-51 15.1 60.4 | 72.3 
| §2-72 16.5 | 60 | 78.9 
73-83 17.1 1. eet ie 
S494 18.1 72.4 86.6 
32602 18-33 oF om 10.1 | 40.4 | 46.2 


34-46 | 13.4 53.2 60.7 


the first 4 days on this diet both animals lost weight. Rat 500 
dropped from 90 to 84 gm., and Rat 505 from 82 to 76 gm. From 
the 4th to the 8th days neither animal showed any change in 
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weight. On the 7th day Rat 505 was given ordinary choline 
chloride in place of the deuterium-containing compound and Rat 
500 was continued on the deuteriocholine. On the 8th day both 
animals began to gain weight. After 5 days on the ordinary 
choline chloride, the deuteriocholine chloride was restored to the 
diet of Rat 505, but only 25 mg. per day were fed. Rat 500 was 
sacrificed on the 23rd day, Rat 505 on the 56th day. The totg 
gain in weight of each rat and the amount of deuteriocholine jp} 
gested during the experimental period are given in Table [I]. 


Tasie III 
Feeding Experiments with Deuteriocholine 


- —a ee 


Body creatine Urinary creatinine 








Total - | Deuter- | 


Rat | mental | in boy |Aquterie-|Deuter-| Tum in |p | Deuter-| Tum in |o 
P 85° | ingested eg ‘aun ae x 100 sy ‘gum aX 10 
K picrate (B) picrate (c) | 
| days o. om Sone .., cont prams h.¥ 
500 | 23 90-100, 1.10 | 5.02 | 20.1 23.8 | 
1-14 1.28 | 5.12! 6.1 
| 15-23 4.02 | 16.1 | 19.1 
505 | 56T 82-111) 1.45 6.11 24.4 28.9 
| 13-28 2.44 | 9.76! 11.6 
29-42 1.66 18.6 22.0 
| 43-56 5.88 | 23.5 27.8 





* A is the deuterium content of methyl groups of choline, i.e. 84.5 atom 
per cent. 

t From the 7th to the 12th day the animal received ordinary choline, as 
noted in the text. 


The urine of each animal was collected as in the deuteriomethionine 
feeding experiments and the creatinine was isolated for each 2 
week interval during the experimental period. 

Isolation of Choline from Body of Rat—After the contents of the 
gastrointestinal tract had been washed out, the whole body of the 
rat was frozen with solid CO, and was ground in a fine meat chop- 
per. The ground material was extracted repeatedly (six or more 
times) with boiling 95 per cent ethyl alcohol. The alcohol was 
removed by evaporation and the residue was extracted with ether. 
By alkaline hydrolysis, the choline of the ether-soluble fraction 
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was freed and the fat-soluble substances were then removed by 
ether extraction after acidification. The aqueous solution was 
evaporated to dryness and was extracted with ethyl alcohol. The 
alcoholic solution was evaporated to dryness and the residue was 
dissolved in water and the solution was made alkaline with suffi- 
cient NaOH to give a 0.1 N solution. To this alkaline solution, 
ammonium reineckate solution was added until no more precipi- 
tate formed. After the solution had stood in the refrigerator for 
several hours, the precipitate was filtered or centrifuged off and 
was washed with water and alcohol. 

The residue from the first ether extraction was refluxed with 
acid to hydrolyze combined forms of choline and to convert the 
creatine present to creatinine. After a fractionation by alcohol 
extraction of the dry residue of the hydrolysate, the choline was 
precipitated from alkaline solution as the reineckate. The 
precipitate was combined with the choline reineckate from the 
other fraction and the filtrate was reserved for isolation of cr eati- 
nine. 

The combined reineckates were dissolved in a 1:1 acetone-water 
solution and the reineckate ion was removed by the addition of 
silver sulfate (12). After the removal of the acetone and water, 
the residue was extracted with a small volume of absolute alcohol 
and chloroplatinic acid was added until no further precipitation 
occurred. The choline chloroplatinate thus precipitated was 
thoroughly washed and dried. In those experiments in which 
deuteriomethionine was fed, 55 mg. were obtained for the smallest 
rat, No. 325, and 212 mg. were obtained for the largest rat, No. 387. 
All the isolated compounds were analyzed for deuterium and the 
atom per cent deuterium is listed in Table I. Rats 325, 226, and 
326, as shown in Table I, were fed deuteriomethionine which con- 
tained 23.9 atom per cent deuterium, 7.e. 87.5 atom per cent 
deuterium in the methyl group of the methionine, but Rat 387 
was fed methionine which contained 22.8 atom per cent deuterium, 
or 83.6 atom per cent deuterium in the methyl group. In Table I 
the ratio of the atom per cent deuterium in the methyl groups of 
the isolated choline chloroplatinate to the atom per cent deuterium 
in the methyl groups of the fed methionine is given for each 
animal. 
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Analysis—Rat 325. Calculated, Pt 31.6; found, Pt 33.7 
Analysis—Rat 226. Calculated. Pt 31.2, Cl 34.1, N 4.48 


Found. “20.9, “* 33.3, * 4.2 
Analysis—Rat 326. Calculated. Pt 31.1, Cl 34.0, N 4.48 
Found. ** 31.1, “ 33.6, “ 4.30 
Analysis—Rat 387. Calculated. Pt 31.0, Cl 33.9, N 4.45 
Found. * 2.6. “64 " 4. 


Isolation of Creatine from Tissues—The creatine was isolated 
from the filtrate obtained in the second reineckate precipitation 
described in the choline isolation. This filtrate was freed of 
reineckate ions by the addition of silver sulfate, and then the 
creatine was isolated as the double salt, creatinine potassium 
picrate, according to the method described by Foster, Schoen- 
heimer, and Rittenberg (14). From this picrate, which was de- 
composed by ether extraction, the creatinine was precipitated from 
alcoholic solution as the creatinine zinc chloride salt. The purity 
of the creatinine was determined by the colorimetric method (Jaffe 
reaction) and the salts were recrystallized until the analyses were 
correct within 2 per cent, z.e. the experimental error of the method. 
The amount isolated varied from 17 mg. of the zine chloride salt 
in the case of Rat 325 to 45 mg. of the zine chloride salt plus 80 mg. 
of the picrate for Rat 387. In the latter case both compounds 
were analyzed for deuterium and gave excellent agreement, as 
shown in Table I. Again, the ratios of the deuterium in the methyl] 
group of the creatinine isolated to the deuterium in the methyl 
group of the methionine fed and the ratios of the deuterium of the 
methyl! groups of creatinine to the deuterium in the methyl groups 
of the choline fed are listed in Tables I and III respectively. 

Isolation of Creatinine from Urine—The creatinine was isolated 
from the urine as the double salt, potassium creatinine picrate, 
by the method described by Bloch and Schoenheimer (15). The 
criterion of purity was again the colorimetric assay with the Jaffe 
reaction. In Tables II and III we have listed the period of collee- 
tion for the urine from which the creatinine was isolated and its 
deuterium content as well as the ratios of the deuterium content 
of the methyl groups of the isolated and fed compounds. In Fig. 1, 
the ratios of the deuterium of the methyl group of creatinine of 
the urine to the deuterium of the methyl group of dietary methio- 
nine are plotted as a function of time for Rats 326 and 387; the 
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ratios for choline and creatine at the end of the experimental period 
are also represented for comparison. 

Degradation of Isolated Choline—The choline which was isolated 
from Rat 387 and which contained 47.6 atom per cent deuterium, 
or 6.66 atoms of deuterium, was degraded by oxidation to tri- 
methylamine (10). 13.5 mg. of deuteriocholine chloroplatinate 
from Rat 387 were diluted with 424 mg. of pure choline chloro- 
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Fic. 1. Rate of appearance of deuterium in the methyl groups of com- 
pounds isolated from tissues and urine of rats fed deuteriomethionine. 
Deuterium ratio = (atom per cent deuterium in methyl group of isolated 
compound)/(atom per cent deuterium in methyl group of deuteriomethio- 
nine fed) X 100. The deuterium ratios of urinary creatinines are plotted 
at the mid-points of the time intervals during which the urines were col- 
lected (see Table II). (See Table I for diets.) 


platinate and were placed in the flask with 15 ec. of 20 per cent 
sodium hydroxide. A slow stream of air was passed through the 
solution in the flask into two traps containing dilute hydrochloric 
acid (3 ce. of N/3 in each) by means of a tube leading to the bottom 
of the flask, then through a side arm containing a Kjeldahl bulb, 
and then through a small vertical condenser which was attached 
to the traps. The solution was warmed with a free flame and 
saturated potassium permanganate solution was added dropwise 
through a dropping funnel until a green color persisted. The 
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solution was warmed for about 15 minutes longer to expel the 
trimethylamine completely. The contents of the two traps were 
combined and evaporated to dryness under reduced pressure to 
remove excess hydrochloric acid. The residue was dissolved jp 
10 ce. of alcohol and was filtered. The trimethylamine hydro- 
chloride was precipitated by addition of an excess of alcoholic 
chloroplatinic acid and was washed twice by suspending in alcohol 
and centrifuging. The analysis for deuterium yielded 2.02 atom 
per cent. Since the compound had been diluted by a factor of 
33.1, this deuterium content corresponds to 66.9 atom per cent 
for the trimethylamine chloroplatinate derived from the isolated 
choline chloroplatinate. This value is equivalent to 6.69 atoms 
of deuterium, demonstrating that the 6.66 atoms of deuterium in 
the original compound were in the methyl groups. 


Analysis—Calculated, Pt 36.9; found, Pt 37.1 


DISCUSSION 


The ability of the white rat to transfer methyl groups from 
dietary methionine for the synthesis of choline and creatine of the 
body tissues has been demonstrated by these experiments. The 
utilization of methyl groups of choline for the synthesis of creatine 
when choline and homocystine were administered has also been 
established. The methyl groups of methionine and choline were 
also traced to the creatinine of the urine, as would be expected from 
the relationship of creatine and creatinine already established. 
It is of interest that approximately the same fraction of methyl 
groups in choline, creatine, and creatinine was derived from the 
dietary methionine, as evidenced by the similar deuterium con- 
tents of the methyl groups of these three compounds at the end of 
each experimental period. 

The relation of other methylated compounds to these trans- 
methylation reactions remains to be explored. That the various 
N-methyl compounds, such as adrenalin, ergothioneine, anserine, 
etc., and S-methyl compounds, such as dimethyl sulfone and 
methyldiethylsulfonium hydroxide, derive their methyl groups 
from the dietary methionine, choline, and betaine is an attractive 
possibility. 

The evidence already obtained indicates that quantitatively 
these three compounds account for most if not all of the “labile” 
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methyl supply. Whether there are still other compounds normally 
nt in the diet which contain “biologically labile’ methyl 
groups can be determined only by further investigation. 

From our study, we know only that the methyl groups of methio- 
nine and choline can be transferred, but we do not know whether 
methionine and choline act directly or whether they are precursors 
of derivatives from which the methyl groups are released. Al- 
though methionine can be demethylated in vitro, the conditions 
required are rather drastic. Attention must therefore be directed 
to any possibility whereby the bond between the CH; group and 
the S atom might be weakened. The formation of a sulfonium 
jon would be expected to effect such a labilization. Toennies (16), 
it will be recalled, suggests the formation of an intermediate 
sulfonium ion for the conversion of methionine to cystine. 

The ability of choline to give up methyl groups in the metabolic 
process is likewise puzzling, in view of the stability of the bond 
between the methyl groups and the nitrogen atom in choline in 
ordinary in vitro reactions. In contrast to the stability of the 
CH;—N bond in choline is the well known conversion of betaine 
to dimethylglycine methyl ester (17). Because of the existence 
of this relatively unstable N-methy] bond one is tempted to postu- 
late the existence of some derivative of choline in which the methyl 
groups are similarly chemically labilized by a group more electro- 
negative than the alcoholic hydroxyl. It would then be this 
derivative of choline from which the methyl groups are released. 
Although the methyl groups of betaine like choline are “‘biologically 
labile,” its relationship to the transmethylation reactions has not 
yet been investigated in detail. A comparison of the activity of 
betaine and choline in supporting growth of animals on a diet 
free of methionine but containing homocystine demonstrated that 
choline was quantitatively more effective (13). The results of 
Stetten (18) would indicate that betaine is not reduced to choline. 

If we now consider the choline synthesis, aminoethanol can be 
regarded as the methyl acceptor. Evidence that this compound 
is the source of the nitrogen of choline is to be found in the recent 
experiments of Stetten (18) in which the feeding of aminoethanol 
labeled with N™ led to the formation of choline containing labeled 


nitrogen. 
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In the creatine synthesis, guanidoacetic acid unquestionably 
functions as the acceptor of methyl groups. This is based on the 
work of Bloch and Schoenheimer (19) and of Borsook and Dub. 
noff (8) who have clearly demonstrated that guanidoacetic acid 
is the precursor of the amidine and glycine moieties of creatine. 

The experiments reported in the present paper show that methyl 
groups of choline eventually find their way into creatine. If the 
results obtained in the experiments of Borsook and Dubnoff (8) are 
taken in conjunction with our demonstration of the fate of the 
methyl groups of choline,’ the metabolic pathway of choline to 
creatine through the intermediate formation of methionine or 
derivative of methionine is indicated. However, neither homocys- 
teine nor aminoethanol appears to function as an acceptor of 
methyl groups from creatine. As both Griffith and Mulford (20) 
and du Vigneaud, Chandler, and Moyer (21) have recently shown, 
creatine does not act as a source of labile methyl groups in 
the diet. 

Although it has been suggested that methylation, for example, 
in the formation of creatine, occurs with formaldehyde as the 
precursor of the methyl group (22), this hypothesis is no longer 
tenable in view of our data showing that more than two-thirds of 
the deuterium of the methyl groups of the dietary methionine 
appears in the methyl groups of creatine and choline. It is of 
interest that in the case in which formaldehyde has been shown 
to be the product of demethylation, the original compound has 
been shown to be incapable of donating methyl groups for the 
synthesis of methionine from homocystine. Handler, Bernheim, 
and Klein (23) have found that formaldehyde is liberated in the 
cleavage of the methyl group from sarcosine, while du Vigneaud, 
Chandler, and Moyer (21) have found that sarcosine with homo- 
cystine is incapable of supporting growth of a rat on a methionine- 
choline-free diet. On the other hand the ultimate source of the 
methyl group of sarcosine may be the methionine, choline, and 
betaine of the diet. 

The direct proof presented in this study that the methyl group 


* In addition to the demonstration of the utilization of the methyl! groups 
of choline for the synthesis of creatine when deuteriocholine is fed with 
homocystine, we have found in preliminary experiments direct proof that 
the methionine of the tissues likewise contains the deuteriomethyl group. 
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of methionine is utilized by the body for the synthesis of choline 
affords a convincing argument in favor of the hypothesis earlier 
offered by us to explain the lipotropic action of methionine. This 
hypothesis envisaged that the effect of methionine in preventing 
fatty infiltration of the liver of animals maintained on a choline- 
free diet ‘may be due to the presence of a methyl group which 
ean be regarded as labile” (3). On the basis of the incontrovertible 
experimental demonstration that methionine is a precursor of the 
methyl groups of choline, both compounds must necessarily exhibit 
the same qualitative behavior in their lipotropic effect. Quantita- 
tively their effects may differ, depending on many factors, par- 
ticularly in the case of methionine on an adequate supply of the 
aminoethanol portion of the molecule for choline synthesis. The 
interrelationship of methionine and choline likewise explains the 
similar qualitative behavior of these compounds in the hemor- 
thagic kidney condition. This lability of the methyl groups of 
methionine and choline in fact has been called upon by Griffith 
and Mulford (20) in their suggestion that a dietary supply of 
labile methyl groups is essential in the prevention of the hemor- 
thagic kidney condition. 


SUMMARY 


The transfer of methyl groups from methionine to choline and 
creatine has been demonstrated by the isolation of deuteriocholine 
and deuteriocreatine from the tissues, and of deuteriocreatinine 
from the urine, of rats fed methionine containing a deuteriomethyl 
group. It was found from the deuterium contents of the isolated 
compounds that at the end of a given experimental period, each 
of the isolated compounds had derived approximately the same 
percentage of methyl groups from the deuteriomethionine of the 
diet. All the deuterium in the isolated choline was shown to be in 
the methyl groups. The concentration of deuterium in the methyl 
groups of the choline and creatine from the tissues as well as of 
the urinary creatinine rose to 85 per cent of that of the deuterio- 
methionine fed over a period of 14 weeks, strongly indicating that 
there was no other precursor of methyl groups in the diet employed. 

The transfer of methyl groups from choline to creatine has been 
demonstrated by the isolation of deuteriocreatine from the tissues 
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and of deuteriocreatinine from the urine of rats maintained on g 
diet containing deuteriocholine and homocystine. 

Thus direct proof has been afforded to substantiate the hypothe. 
sis previously presented that methionine may be a precursor of 
choline in so far as the methyl groups are concerned. The signifi- 
cance of these findings with regard to the prevention of fatty 
infiltration of the liver and to the prevention of hemorrhagic 
kidneys resulting from a choline-deficient diet has been pointed 
out. The data support the hypothesis that the body is incapable 
of generating methyl groups for certain methylations and that 
methyl groups must be supplied in the diet in a biologically labile 
form such as occurs in methionine and choline. 


The authors wish to thank Dr. J. R. Rachele of this laboratory 
for carrying out the microanalyses. 
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In the course of our work on the isolation of vitamin H, the anti- 
egg white injury factor, it began to be suspected that vitamin H 
might be identical with biotin, a yeast growth factor, which had 
been isolated as the methyl ester from egg yolk by Kégl and Ténnis 
(2), and with coenzyme R, a growth and respiration factor for 
rhizobia (3). All the evidence we were able to adduce, experi- 
mentally and from the literature, on distribution, stability, solu- 
bility, and various other chemical and physical properties favored 
the identity of vitamin H with these two factors. The similarity 
between biotin and coenzyme R has been pointed out by other 
workers (4, 5). Our comparison of the biotin, coenzyme R, and 
vitamin H activities of electrodialysate fractions of our vitamin H 
preparation showed a striking parallelism in the distribution of 
the three activities. On the basis of this work we suggested (6) 


* A preliminary report of this work has appeared (1). 

In this cooperative research reported here, the Cornell group has been 
responsible for the chemical work and for the biotin assays, and the Western 
Reserve group for the vitamin H assays. 

The authors would like to express their appreciation to W. O. Frohring, 
president of the S. M. A. Corporation, for his interest and genuine 
cooperation. 

t Dr. Hofmann’s participation in this work has been made possible by a 
fellowship granted to him by the Society for Chemical Industry, Basel, 
Switzerland. 
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that vitamin H, biotin, and coenzyme R “are either identical] or 
indeed closely related compounds.” 

Shortly after the above work was presented, we were able to 
test the possible identity of biotin with vitamin H by vitamin H 
assay of a solution containing 150 y of crystalline biotin methy| 
ester kindly placed at our disposal by Professor Kégl. On the basis 
of the ratio between the biotin activity of Kégl’s material and the 
biotin activity and vitamin H activity of other preparations we had 
studied we were able to predict that the biotin preparation from 
Kégl should possess a vitamin H activity of 10,000 units per mg. 
(The vitamin H unit is the minimum daily amount of substance, 
injected for 30 days, necessary to bring about complete disappear- 
ance of egg white injury symptoms in rats.) As reported (7), this 
prediction was borne out by vitamin H assays of the Kég! sample 
on rats. 

Since our vitamin H concentrates were prepared from liver and 
since Kégl had isolated his biotin from egg yolk, it was necessary 
for us to attempt the isolation from the liver concentrates of the 
substance possessing vitamin H activity and to determine whether 
or not the properties of the pure substance were the same as those 
reported for biotin by Kégl and Ténnis. 

The starting material for the present investigation was a vitamin 
H liver concentrate supplied by one of us (P. G.) which had been 
prepared from the alcohol-insoluble fraction of beef liver by high 
pressure hydrolysis, precipitation of the inert material with alcohol 
and acetone, and precipitation of the active substance with phos- 
photungstic acid, followed by decomposition of the precipitate 
with barium hydroxide (8). The vitamin H activity of the result- 
ing solution was 25 to 35 units per mg. of solids and 1000 units per 
ce. 

Each step in the fractionation of this liver concentrate given in 
the present paper was followed by biotin assays by a modification 
of the yeast growth method of Snell, Eakin, and Williams (9). 
Comparative assays for biotin and vitamin H activities of many 
of the intermediate fractions as well as the final product demon- 
strated again the parallelism of the two activities. 

One of the final steps in the lengthy fractionation procedure used 
by Kégl and Ténnis was the conversion of biotin to a biologically 
active “ester-base” by esterification with acidic methanol. Esteri- 
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fication of our crude preparation was carried out in order to obtain 
the active material in a form which would be soluble in organic 
solvents and which might lend itself to purification by chromato- 
graphic adsorption procedures. 

By adsorption of the crude ester from chloroform solution on 
aluminum oxide and by elution with acetone, the potency of the 
material could be raised from 25 to 50 vitamin H units per mg. to 
1000 to 2000 vitamin H units per mg. A second adsorption on 
aluminum oxide and elution yielded material of a potency of 3000 
to 6000 vitamin H units per mg. The eluate was evaporated and 
the residue taken up in chloroform. The solution was extracted 
with dilute HCI, and the extract was then evaporated to dryness. 





Fic. 1. Biotin methyl ester. X 150 


This preparation was esterified and the ester hydrochloride which 
was formed was converted into the free ester. Crystals were 
obtained which melted at 154-158°. By repeated crystallizations 
from a mixture of methanol and ether a product of constant melting 
point and biological activity was obtained which melted sharply 
in the Kofler micro melting point apparatus at 166-167° (uncor- 
rected). Sublimation zn vacuo followed by erystallization from a 
mixture of methanol and ether dic not change the melting point, 
crystalline form, or biological activity. The substance erystal- 
lized, as shown in Fig. 1, in long, thin, plate-like needles from the 
methanol-ether mixture. From a chloroform-petroleum ether 
mixture it crystallized in needles as described by Kégl and Ténnis. 
The biological activity and melting point of the pure biotin 
methyl ester were confirmed by severai separate isolations. 
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Using the yeast growth method, we have compared the biotin 
activity of our purified crystalline material with the biotin activity 
of the vitamin H preparation (34 vitamin H units per mg.) that 
we had used as an arbitrary standard in our previous communica- 
tions (6, 7). Expressed in terms of vitamin H units, the various 
preparations of purified product that we have made have all con- 
sistently yielded, by the yeast growth method, the high value of 
27,000 (+10 per cent) vitamin H units per mg. Direct vitamin 
H assays of our crystals, made on rats by the curative method, 
were in agreement with this high potency. From 5 liters of the 
liver concentrate (8) we have been able to isolate 70 mg. of pure 
biotin methyl ester, which corresponds to a yield of 38 per cent 
based on our starting material. 

The analytical values we obtained for the pure crystalline com- 
pound, as shown in the experimental part, agree most closely with 
the empirical formula of Cy HisO3;N28. Molecular weight deter- 
minations by the Rast method with various solvents were not 
entirely satisfactory. However, all the results obtained with bor- 
neol indicated that the empirical formula as derived from the 
analytical data on the basis of 1 sulfur atom in the molecule is 
unquestionably correct. Analyses of several crystalline deriva- 
tives and degradation products, which will be described in a later 
publication, likewise support this formula. This formula is in 
agreement with that given by Kégl (10), although it should be 
pointed out that Kégl gave no analytical data. The melting 
point for the preparation from which K6égl derived this formula 
was not given; so one must therefore assume that his previously 
published melting point of 148° still applies. It is to be noted that 
the melting point of the pure biotin methyl ester obtained by us is 
18-19° higher than the value reported by Kégl and Ténnis, and 
no explanation for this is as yet apparent. The similarity, how- 
ever, in solubility, in erystalline form, and in composition leads 
us to believe that the compound isolated by us from liver is iden- 
tical with that isolated by Kégl and Ténnis from egg yolk. 

As we have stated, the solution of crystalline biotin methyl ester 
supplied us by Kégl showed a potency of 10,000 vitamin H units 
per mg., as compared with the value of 27,000 vitamin H_ units 
per mg. found for our preparations both by comparative assays 
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for yeast growth and for anti-egg white injury activities.' How- 
ever, we do not know the melting point or purity of this particular 
preparation of Kégl. We therefore do not wish to stress this 
difference in degree of potency. It is within possibility that the 
Kégl sample may have suffered loss of potency from the time it 
was made up until it was assayed here. We can therefore simply 
report the activity of it as we found it. Direct comparison of the 
crystalline compounds is, of course, desirable and we hope that 
future circumstances will permit such comparison. 


EXPERIMENTAL 


Method of Assay—Biotin determinations were carried out by a 
yeast growth method which is essentially that of Snell, Eakin, 
and Williams (9), except that Fleischmann Strain 139 of Saccharo- 
myces cerevisiae was used as the test organism and turbidity meas- 
urements of yeast growth were made in the Klett-Summerson 
photoelectric colorimeter, with a blue filter (Klett No. 42). This 
instrument is equipped with a logarithmic scale, so that the tur- 
bidity readings observed are a linear function of the yeast growth. 
Each sample to be assayed was made up in a series of decimal dilu- 
tions of 1 and 0.3 cc., involving some twelve dilutions over a 
millionfold range. By plotting the resulting turbidity readings 
against the logarithm of the concentrations used, an S-shaped 
curve was obtained for each sample that was approximately 
linear over a considerable portion of the middle range. Com- 
parison of the interpolated concentration at which half maximum 
growth occurred in the assay sample with the corresponding con- 
centration obtained in the same manner with a solution of known 
vitamin H activity permitted calculation of the vitamin H equiv- 
alence of the sample being assayed. 

Isolation Procedure. LEsterification—500 cc. of the vitamin H 
concentrate from liver mentioned in the introduction were con- 
centrated to dryness in vacuo and kept at 100° for 1 hour. The 


‘ As mentioned in the preliminary report of this work (1) the above ratio 
was likewise found for the activities of the two preparations in promoting 
the growth of Rhizobium trifolii (coenzyme R activity) as determined by 
Professor Dean Burk and the growth of Clostridium butylicum as determined 
by Dr. D. W. Woolley. 
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gummy residue was then taken up in 200 cc. of absolute methanol 
and was again concentrated to dryness. 200 ec. of absolute meth- 
anol containing 5 per cent of dry HCI gas were then added and the 
solution was refluxed for 1 hour. The methanol was removed 
in vacuo and the residue was reesterified in the same manner, 
The solution was then concentrated to a thick syrup in vacuo; 
the residue was cooled to 0° and was washed into a separatory 
funnel with 50 ce. of ice water. 200 cc. of ice-cold ethyl acetate 
were then added, followed by 30 gm. of solid potassium bicar- 
bonate, and the mixture was shaken until all of the bicarbonate 
was dissolved. The water layer, which was alkaline to litmus, was 
then extracted three more times with 100 cc. portions of ethyl 
acetate. The combined ethyl acetate extracts were washed 
repeatedly with water, dried over sodium sulfate, and evaporated 
to dryness in vacuo. The ethyl! acetate fraction contained 80 to 
90 per cent of the activity of the starting material and it had a 
potency of 50 to 100 vitamin H units per mg. The water residues 
and washings were combined, evaporated to dryness in vacuo, 
and the residue was reesterified by the procedure outlined above. 

First Adsorption on Aluminum Oxide—Several ester fractions 
were combined and purified further by chromatographic adsorp- 
tion. One typical experiment was carried out as follows: 18 gm. 
of the crude ester fraction, containing 1,500,000 vitamin H units, 
were dissolved in 150 ee. of chloroform and the solution was filtered 
through a column of 50 gm. of aluminum oxide (standardized 
according to Brockmann). The column was washed with the 
various solvents indicated in Table I, each washing being col- 
lected separately and evaporated to dryness. The samples were 
then assayed. The results of such an experiment are summarized 
in Table I. All the fractions containing an activity of 1000 vita- 
min H units per mg. or better were combined and used for the next 
step in the purification. 

Second Adsorption on Aluminum Oxide-—2.55 gm. of this con- 
centrate derived from several preparations which had been put 
through the first adsorption step and which contained 2,585,000 
vitamin H units were dissolved in 50 cc. of acetone, and the solu- 
tion was filtered through a column of 100 gm. of the aluminum 
oxide. The chromatograph was again fractionated by elution with 
mixtures of solvents as indicated in Table II. Fractions 343-V 
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TABLE I 
Distribution of Biotin Activity in First Chromatograph 
ae) Vitamin 
Column eluted with | Fraction No. | Weight | Activity | H unite 
—| solids 
fd [ a: ay ee 
Chloroform 300 | 339-V IT 15,000 147 ,000 9.8 
Acetone 300 | 339-VIII 805 1,000,000 | 1242 
“ 90% + meth-| 50 | 30-IX a1} 45,000 | 2140 
anol 10% | 
“ “ 50 | 339-X | 76| 145,000 | 1910 
“ 50 | 339-XI | 256) 310,000 | 1210 
‘ " 50 | 339-XII | 102) 45,000 | 440 
oS —|— Paar at Be 
Total .. | 16, 260 1,692,000 
TABLE II 
Di stribution of Biotin hemivia 1 in Second Chromatograph 
= | | Vitamin 
Column eluted with Fraction No. Weight Activity ie 
solids 
% ec. ay -—- “rilamin H units x 
Acetone 200 343-1 622 | 1,000 1.6 
_ 90% + meth- | 130 343-11 583 | Inactive 
anol 10% | 
“ “ 10 | 343-III 82 | 700 8.5 
“ Me 10 | 343-IV 72 | 80,000 | 1110 
- : 10 343-V 52 178,000 | 3420 
“ ’ 10 343-VI 45 162,000 | 3600 
10 | 343-VII 42 | 220,000 | 5240 
" 10 343-V III 37 220,000 | 5950 
10 343-LX 30, 200,000 | 6670 
10 343-X 89 | 312,000 | 3500 
10 343-XI 65 240,000 | 3700 
" 10 343-X II 68 | 162,000 | 2380 
7" 10 343-X III 76 120,000 | 1580 
, 10 343-X1V 50 | 60,000 | 1200 
1913 | 1,955,700 | 


Total 





to 343-XIII were combined and used for the next step. Frac- 
tions lower in activity were likewise combined and purified further 
by chromatographic adsorption. 
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Extraction and Reesterification—The combined Fractions 343-V 
to 343-XIII (504 mg. containing 1,814,000 vitamin H units) were 
dissolved in 10 ce. of chloroform and the resulting solution was 
extracted fifteen times with 10 ce. portions of 3 Nn HCl. The 
combined HCl extracts were evaporated to dryness in vacuo and 
the dry residue (474 mg. containing 1,812,600 vitamin H units) 
was refluxed for 1 hour with 50 cc. of methanol containing 5 per 
cent of HCl gas. The methanol was then removed in vacuo and 
the residue dissolved in a few ec. of ice water. Saturated potas- 
sium bicarbonate was then added to the solution until it was alka- 
line to litmus and the solution was extracted with three 50 ce, 
portions of ice-cold ethyl acetate. The combined ethyl acetate 
extracts were washed with water, dried over sodium sulfate, and 
concentrated in vacuo. During the concentration crystals of 
biotin methyl ester began to separate. The crystals were collected 
and were washed with ethyl acetate. The yield of crude material 
which melted at 155-160° was 35 mg. Purification by two crystal- 
lizations from a mixture of methanol and ether yielded a material 
that melted at 166-167°. The material was sublimed at 140- 
150° in a high vacuum (10-5 mm.) and recrystallized from meth- 
anol and ether. 25 mg. of colorless elongated plates were obtained 
which melted sharply at 166—167°. 

The compound is very soluble in ethyl aleohol, methyl] alcohol, 
chloroform, and acetone, and is sparingly soluble in ether and 
ethyl acetate. It possesses a specific rotation of [a]#* = +57° for 
a 1 per cent solution in chloroform. The compound has the fol- 
lowing composition. 

C,H, s03N28. 

Calculated. C 51.14, H 7.02, N 10.84, S 12.42, OCH; 12.0 
Found. a." 7.5" Be" BB. OU6 CNRS 


The authors wish to express their appreciation to Miss Eleanor 
Hague for carrying out the numerous biotin assays, to Dr. J. R. 
Rachele for the microanalyses, and to Miss Catharine S. Rose for 
her assistance in the vitamin H assays. 


SUMMARY 


A procedure for the isolation of the methyl ester of biotin (vita- 
min H) from liver has been described. The compound after 
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repeated crystallization and sublimation possessed constant 
biological activity and a constant melting point of 166~167°. 
The analytical data agreed most closely with the empirical for- 
mula, CuHis03N2S. 


or Sw bO 


10. 
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The structure of the capsular polysaccharide of Type III pneu- 
mococcus was described in a previous study (1). This immu- 
nologically specific carbohydrate has been shown to be a 
polyaldobionic acid constituted of units of 4-8-glucuronosido- 
glucose (cellobiuronic acid) linked in glucosidic union to the 3rd 
carbon atom of the uronic acid component. The position of 
linkage of the cellobiuronic acid units was established by employing 
the conventional methods used in the study of carbohydrate 
structures, with the following exception. Before hydrolysis of 
the methylated polysaccharide the esterified carboxyl groups were 
reduced to primary carbinol groups by catalytic hydrogenation. 
Following hydrolysis of the reduced carbohydrate, the glucose 
portion was isolated as the known 2,3,6-trimethylglucose. The 
uronic acid constituent of the parent polysaccharide was obtained 
as a mixture of the a- and 6-methylglucosides of a dimethylglucose 
of unknown structure. Since the latter was derived from the 
uronic acid residues in the methylated polysaccharide, it is evident 
that confirmation of the structure of the dimethylglucose would 
establish the position of linkage of the cellobiuronic acid residues 
from which the capsular polysaccharide is constituted. 

In an earlier study (2) it was shown that the uronic acid con- 
stituent of 4-8-glucuronosidoglucose was a pyranoside. It is 
obvious therefore that on acid hydrolysis the uronic acid portion 
of the reduced methylated polysaccharide must appear as 2,3-, 
2,4-, or 3,4-dimethylglucose. Because the dimethylglucose de- 
rivative obtained from the Type III polysaccharide was not 


653 

















654 2 ,4-Dimethyl-s-Methylglucoside 


identical with the known derivative of 2,3-dimethylglucose (3), 
the synthesis of the remaining reference compounds was under- 
taken. The unknown dimethylglucose derivative proved to be 
identical with the 8-methylglucoside of 2,4-dimethylglucose. The 
synthesis of the latter derivative was accomplished by the follow. 
ing series of reactions. 


3-Tosyltriacetyl-8-methylglucoside 
3-Tosyl-8-methylglucoside 
6-Trityl-3-tosyl-8-methylglucoside 
6-Trity]-3-tosyl-2, 4-dimethy]-8-methylglucoside 
3-Tosyl-2, 4-dimethy]-8-methylglucoside 


2,4-Dimethy]-8-methylglucoside 


The above synthesis yielded a crystalline glucoside which was 
identical in all respects with the unknown crystalline glucoside 
obtained from the hydrolysis products of the reduced methylated 
Type III polysaccharide. The yield of 2,4-dimethyl-3-methyl- 
glucoside was unsatisfactory, however, possibly because of steric 
hindrance by the bulky trityl and tosyl groups which rendered the 
introduction of methyl groups into the molecule most difficult. 
Because of the unsatisfactory yield the derivative was synthesized 
by an alternative series of reactions as outlined below. 


3-Benzylglucose 

6-Trityl-3-benzylglucose 

piaaie tien’ 4-dimethylmethylglucoside 
3-Benzyl-2, 4-dimethylmethylglucoside 


2,4-Dimethyl-8-methylglucoside 


This series of reactions yielded the same derivative as that re- 
covered from the first synthetic procedure, but the yield of 2,4- 
dimethy]-8-methylglucoside was likewise poor. 

Although neither series of reactions gives yields of 2 ,4-dimethyl- 
8-methylglucoside which can be considered as very satisfactory, 
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the structure of the latter derivative has been fully established. 
This has been accomplished not only by a direct chemical synthesis 
of 2,4-dimethylglucose but also by the conversion of the latter 
to the corresponding known 4-methylglucosazone. The identifica- 
tion of the partially methylated crystalline glucoside obtained 
from the hydrolysis products of the reduced pneumococcus poly- 
saccharide definitely establishes the position of linkage of the cello- 
biuronic acid units of the latter. The following is a more ex- 
tensive and detailed account than that given in our preliminary 
report of the synthesis of the a- and 6-methylglucosides of 2,4- 


dimethylglucose (4). 


EXPERIMENTAL 


3-Tosyl-8-M ethylglucoside—Crystalline 3-tosyl-2 ,4 ,6-triacetyl- 
s-methylglucoside was prepared by the method of Peat and Wig- 
gins (5) and deacetylated by the method of Isbell (6). 50 gm. 
of finely ground 3-tosyltriacetyl-8-methylglucoside were sus- 
pended in 300 cc. of dry methyl alcohol and 25 cc. of 1 N Ba(OCHs)2 
were added at 0° with shaking. The crystalline glucoside dissolved 
and after 5 hours 1 equivalent of 1 N H,SO, was added and the 
precipitated BaSO, removed by centrifugation. The solution was 
concentrated to a syrup and dried. The resulting 3-tosyl-6- 
methylglucoside was dissolved in 300 cc. of anhydrous pyridine. 

In order to prove that the catalytic deacetylation had not 
resulted in the removal of the tosyl group, an aliquot portion of 
this solution was reacetylated with acetic anhydride at 37°. After 
removal of reagents the product crystallized from methy] alcohol. 
The derivative melted at 134—135° and was identical with the 
starting material. The yield of pure product indicated a loss of 
about 25 per cent of the p-toluenesulfonyl groups during the de- 
acetylation process. The deacetylation may also be accomplished 
with anhydrous methanol containing dry HCl at 37°. 

6-Trityl-3-T osyl-B-M ethylglucoside—To the above solution of the 
3-tosyl-8-methylglucoside in pyridine were added 35 gm. of tri- 
phenylmethyl chloride and the mixture was heated 30 minutes at 
100°. The solution was cooled and then slowly poured into ice 
and water. The resultant precipitate was filtered by suction, 
dissolved in CHCl;, and the solution washed with dilute HCl and 
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ice water. After the solution was dried with sodium sulfate and 
decolorized with charcoal, the chloroform was removed in vacuo. 
The residual gum, after dissolving in methanol, deposited a small 
amount of crystalline triphenylearbinol which was filtered from 
the solution. The methanol was removed in vacuo and the residue 
dissolved in a little chloroform. This solution was poured slowly 
into a large volume of petroleum ether, from which the 6-trityl-3- 
tosyl-6-methylglucoside separated as a gum. The latter was 
dissolved in a small amount of methyl alcohol, and the solution 
poured with stirring into a large volume of water. The derivative 
separated as a fine precipitate which was filtered off and dried. 
This crude 6-trityl-3-tosyl-38-methylglucoside was further purified 
by repeated alternate precipitations from petroleum ether and 
water. The yield was 38 gm. of amorphous solid.!. M. p. 76~-78°. 


[a]b = —22.0° (c = 5.0 in CHCl) 
CyH,,08. Calculated. CH;O 5.24, C 67.10, H 5.80 
Found. “ §.40, “ 67.75, “ 6.16 


6-Trityl-3-T osyl-2 , 4-Diacetyl-8-M ethylglucoside—Since it proved 
impossible to obtain 6-trityl-3-tosyl-8-methylglucoside in crystal- 
line form, its diacetyl derivative was prepared in order to char- 
acterize this important intermediate compound. Purified 
6-trityl-3-tosyl-8-methylglucoside was acetylated with acetic 
anhydride and pyridine in the usual manner. The product crystal- 
lized readily from methy] alcohol in the form of balls of radiating 
needles. The yield was about 80 per cent of theory. M. p. 
145-147°. 

[a]> = +14.5° (c = 5.0 in CHCI,) 


C37H3301.8 
Calculated. C 65.80, H 5.68, 8 4.75, CH;O 4.60, CH;CO 12.76 
Found. “ 65.91, “ 5.75, “4.66, “ 4.67, 14.90 


6-Trityl-3-T osyl-2 , 4-Diacetyl-a-M ethylglucoside—In the attempt 
to prepare the 6-methylglucoside of 6-trityl-3-tosyl-2 ,4-diacetyl- 
glucose by the procedure described below a new and hitherto un- 
described derivative was isolated. This substance proved to be 


1 When analytical values for both carbon and hydrogen are given, the 
analyses were carried out by the method of Pregl. When only the per- 
centage of carbon is given, the analyses were carried out by the wet combus- 
tion method of Van Slyke and Folch (7). 
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the a isomer. The properties of this derivative are herewith 
recorded, although the substance is not an intermediate in the 
synthesis of 2 ,4-dimethylglucose. 

9 gm. of 3-tosyldiacetoneglucose (8) were dissolved in 200 ce. 
of absolute methyl alcohol containing 2 per cent dry HCl and the 
solution refluxed 2} hours. After neutralization with Ag,CO; the 
silver salts were filtered off and the solvent removed in vacuo. 
The residual syrup, a mixture of 3-tosyl-a- and 8-methylglucosides 
weighed 7.8 gm. 

This syrup was converted to the trityl derivative in the manner 
already described and then acetylated with acetic anhydride and 
pyridine. The product isolated after these reactions deposited 
large hexagonal plates from a methanol solution. M.p. 191—192°. 

[a]> = +72.8° (in CHCI,) 


C37H 330,088. Calculated. CH,0 4.60, S 4.75, C 65.80 
Found. «4.71, ** 4.28, “* 65.57 


6-Trityl-3-Tosyl-2 , 4-Dimethyl-8-Methylglucoside—The _ purified 
6-trityl-3-tosyl-6-methylglucoside was repeatedly methylated with 
methyl iodide and silver oxide. As many as ten successive methyl- 
ations failed to raise the methoxyl content of the product to the 
theoretical value. No crystalline material could be isolated from 
the reaction product. The amorphous substance had the follow- 
ing analysis. 

[a]p = —1.05° (c = 2 in CHCl) 


CysH3s038. Calculated. CH,;0 15.05, C 67.94 
Found. ‘12.65, ‘* 67.74 


3-Tosyl-2 , 4-Dimethyl-8-M ethylglucoside—0.88 gm. of crude 
6-trityl-3-tosyl-2 , 4-dimethyl-8-methylglucoside dissolved in cold 
acetic acid was treated with hydrobromic-acetic acid reagent and 
the crystalline trityl bromide filtered off. The product, after 
removal of reagents and solvents, weighed 0.454 gm. The deriva- 
tive failed to crystallize from the usual solvents. 

[a]> = —2.3° (c = 4 in CHCl) 
CisH,,O388S. Calculated, CH;O 24.71; found, CH;O 21.74 


2,4-Dimethyl-8-M ethylglucoside—0.45 gm. of 3-tosyl-2,4-di- 
methyl-6-methylglucoside was dissolved in 80 per cent methanol 
and reduced with sodium amalgam. After exhaustion of the 
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sodium the solution was neutralized with dilute HC! and diluted 
with water. This aqueous solution was extracted with small 
volumes of CHC}; to remove the unreduced tosyl derivative. The 
aqueous solution was then evaporated to dryness and the reaction 
product thoroughly extracted from inorganic salts with hot ace- 
tone. The acetone solution on evaporation to dryness still left 
a small residue of salts. The product was again extracted with 
ether and transferred to a microsublimation apparatus and dis- 
tilled at 100° and 20 mm. of Hg. The distillate was dissolved in 
ether, from which the derivative crystallized spontaneously. The 
substance can be recrystallized from ether containing a few drops 
of ethyl acetate. A yield of 5 mg. or about 2 per cent of theory 
was obtained. This synthesis has been frequently repeated, with 
approximately the same yield. A total of 150 mg. of substance 
was prepared. 

2 ,4-Dimethyl-8-methylglucoside is insoluble in petroleum ether, 
slightly soluble in ether and benzene, and readily soluble in al- 
cohol, chloroform, and water. The melting point, taken on a hot 
stage microscope, is 122-124°. When allowed to cool, the sub- 
stance crystallizes, and if another melting point is taken promptly 
it is found to be 105-106°. However, after a few days the sub- 
stance will melt again at 122-124°. This derivative is evidently 
dimorphous, the form melting at 122-124° being stable at room 
temperature. 

ja]> = —18.6° (c = 1.4 in acetone) 
CoHisO¢. Calculated. C 48.64, H 8.11, CH,O 41.90 
Found. * - to. $1.58 


3-Benzyldiacetoneglucose—This compound may be prepared by 
the method of Freudenberg (9). However, the procedure em- 
ployed by Zemplén (10) in benzylating levoglucosan gives better 
yields and has the advantage of less expensive reagents. 40 gm. 
of diacetoneglucose were dissolved in 200 cc. of benzyl chloride. 
The solution was vigorously stirred at 100°, while 100 gm. of pow- 
dered KOH were gradually added. After cooling, water was 
added to dissolve the precipitated KCl and the benzyldiacetone- 
glucose extracted with CHCl;. The chloroform and benzy!] alcohol 
were removed in vacuo, leaving crude 3-benzyldiacetoneglucose as 
asyrup. The latter may be purified by high vacuum distillation 
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if desired, but this step is not necessary for the preparation of 
3-benzylglucose. 

3-Benzylglucose—This compound was prepared from the crude 
3-benzyldiacetoneglucose by hydrolysis with dilute HCI according 
to the method of Freudenberg (9). From 40 gm. of diacetone- 
glucose were obtained 21 gm. of 3-benzylglucose. Thederivative 
melted at 138-141°. The initial rotation was +20.3°; on mutarota- 
tion an equilibrium value of +41.9° was reached (c = 1.7 in 
H,O). Freudenberg et al. (9) report a melting point of 127—128° 
and a specific rotation of +29.1° for this compound. 


Cy3HisOc¢. Calculated, C 57.77; found, C 57.49 


6-Trityl-3-Benzylglucose—3-Benzylglucose was dissolved in py- 
ridine and the solution treated with triphenylmethy! chloride in 
the manner described above. The product failed to crystallize; 
so it was fluffed by evaporating an ethereal solution in vacuo to 
dryness. The yield was 85 per cent of theory on the basis of the 
3-benzylglucose employed. 


[a]> = +19.4° (equilibrium value in CHCI;) 
CyH20¢. Calculated, C 74.98; found, C 75.31 


6-Trityl-38-Benzyl-1 ,2,4-Triacetylglucose — Since  6-trityl-3- 
benzylglucose could not be obtained in crystalline form, its crystal- 
line triacetyl derivative was prepared for the purpose of char- 
acterizing this intermediate compound. 1.5 gm. of 6-trityl-3- 
benzylglucose were acetylated with acetic anhydride and pyridine. 
The crystalline product, a mixture of the a and 8 forms, melted 
at 150-205°. A yield of 1.6 gm. of recrystallized material was 
obtained, or 85 per cent of theory. This material is identical with 
that prepared by Freudenberg and Plankenhorn (11). 


CsasH3s09. Calculated, C 71.44; found, C 71.34 


6 - Trityl - 3 - Benzyl - 2,4 - Dimethylmethylglucoside—6 - Trityl - 
3-benzylglucose was methylated with methyl iodide and silver 
oxide according to the method of Purdie. The calculated 
methoxy! value for the completely methylated derivative is 16.76 
per cent. The actual methoxyl content found after nine succes- 
sive methylations was 12.56 per cent, indicating that steric hin- 
drance by the large triphenylmethyl group inhibits the introduc- 
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tion of one methyl group. A small fraction of this product isolated 
by high vacuum distillation in a molecular still had a methoxyl 
content of 14.90 per cent. This material appears to be a mixture 
of partially and fully methylated methylglucosides of 6-trityl- 
3-benzylglucose. 

2, 4-Dimethyl-8-M ethylglucoside—The reaction product obtained 
above was detritylated with hydrobromic-acetic acid reagent. 
After the triphenylmethyl bromide was filtered off, 3-benzyl- 
2,4-dimethylmethylglucoside was isolated as a syrup from the 
filtrate. The material was dissolved in 95 per cent ethyl! alcohol 
and the benzyl group removed by reduction with 3 gm. of sodium. 
After the sodium had disappeared, the solution was neutralized 
with CO, and the NaHCO; which precipitated was filtered off 
and washed with alcohol. The alcoholic solutions were evaporated 
to dryness and the residual salts were thoroughly extracted with 
ether. The ether extract after evaporation to a syrup was parti- 
tioned between benzene and water. The water solution on 
evaporation to a syrup and seeding with 2,4-dimethyl-6-methyl- 
glucoside crystallized on addition of a little ether. The crystals 
on recrystallization exhibited the characteristic two melting points 
discussed above. The yield was 2.5 per cent of the theoretical 
based on the methylated tritylbenzylglucose. The material 
melted at 122-124° and remelted at 105-106°. This dimethyl- 
methylglucoside was identical with that obtained in the synthesis 
above starting from 3-tosyltriacetyl-3-methylglucoside. 

2, 4-Dimethyl-a-M ethylglucoside—In the course of the synthesis 
of 2,3,4-trimethylglucose by the methylation of 6-trityl-a-methyl- 
glucoside, Robertson and Waters isolated an unknown crystalline 
compound melting at 79° (12). The reported analyses for this 
substance approximated those calculated for a dimethylmethyl- 
glucoside. The synthesis of Robertson and Waters was repeated 
and the substance melting at 79-80° was isolated (1). Our analyti- 
cal values are in excellent agreement with those calculated for a 
dimethylmethylglucoside. The substance proved to be identical 
with the a form of the dimethylmethylglucoside isolated from the 
methylated Type III pneumococcus polysaccharide (1). A sam- 
ple of this material was converted to the 8 isomer. The latter was 
identical with the synthetic 2,4-dimethyl-8-methylglucoside. 























Adams, Reeves, and Goebel 661 


Proof of Structure of 2,4-Dimethyl-a- and B-Methylglucosides—It 
has been shown by Brigl and Schinle (13) that osazones can be 
formed from saccharides methylated in position 2. This reaction 
involves the removal of the methoxyl group and is regarded as 
evidence that the methoxy] was originally substituted in position 2. 
In order to establish the structure of the 2,4-dimethylglucose 
derivatives isolated in this study, the latter were converted to the 
known 4-methylglucosazone. In this manner final proof of the 
structure of these derivatives was established. The experimental 
procedure has been previously described (1). 


SUMMARY 


The synthesis of 2,4-dimethyl-8-methylglucoside by two al- 
ternative methods has been described. The structure of this 
compound has been confirmed by preparation of a known 


derivative. 
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SOME PROPERTIES OF DESULFURASE 


By MICHAEL LASKOWSKI anp CLAUDE FROMAGEOT 


(From the Laboratory of Biological Chemistry, Institute of Chemistry of the 
University, Lyons, France) 


(Received for publication, April 25, 1941) 


Desulfurase, an enzyme producing H,S from /-cysteine, was 
found by Fromageot, Wookey, and Chaix (1) in dog liver. These 
authors (2) have studied the effect of pH, temperature, substrate 
concentration, products of reaction, activators, and inhibitors upon 
the activity of desulfurase. The present paper deals with some 
other properties of desulfurase, which were studied in connection 


with an attempt to purify it. 
Methods 


Acetone-dried liver powder and the crude water extract from 
that powder were prepared as previously described (1, 2). The 
activity of desulfurase was tested in the tubes described by Des- 
nuelle and Fromageot (3). The other conditions were as follows: 
substrate, 20 mg. of l-cysteine; phosphate buffer, m/15, pH 7.2; 
total volume, 21 ml.; incubation period, 2 hours at 38° in an 
atmosphere of pure nitrogen. 

The activity was expressed in micrograms of H,S produced 
under the above conditions, when referred to the same volume of 
the extract (Table III). When different stages of purification 
were compared, we used the ratio of activity to protein, or 


R micrograms H,S produced 
mg. dry protein 





The protein present was weighed after precipitation with 
CCl,COOH, washed with 3 per cent CH;COOH, and dried at 100°. 
The activity of fresh liver brei was expressed as 

micrograms H.S produced 
(hrs. incubation) X (mg. total dry weight) 
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EXPERIMENTAL 


Sources of Desulfurase—Fromageot et al. (1, 2) tested several 
organs from the dog and found that desulfurase occurs predomi- 
nantly in the liver. Kidney and pancreas were slightly active, 
and only traces of enzyme or none at all were found in the other 
organs. In this work the livers of several animal species were 


TABLE | 
Desulfurase Content of Liver of Different Animals 


























QH:s 
Animal nt 
With cysteine | No eysteine added 
Dog.. | 0.22-0.43 0.021 
Rabbit 0.29 0.054 
Rat 0.28 
Pig 0.086 
Sheep... 0.085 0.023 
Horse 0.066 0.021 
Calf 0.057 0.018 
go |= 
7) 
pe 
60 | ~» 
> 
sol & 
3 
20 | 
4 5 6 7 8 9 10 “4 


Fic. 1. Stability of desulfurase (2 hours at 21°) at different pH values 


examined (Table I). No better source than the dog liver was 
found. 

Stability—The effect of pH on desulfurase stability is shown in 
Fig. 1. The samples, after being buffered with phosphates or 
borates, were kept for 2 hours at 21°, readjusted to pH 7.2, and 
tested for activity. The shape of the stability curve corresponds 
approximately to the previously described activity curve (2). 
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In the acid region the enzyme was very unstable. At pH 5.2 
and at 0°, 50 per cent was destroyed in 2 hours; at pH 4 and at 16°, 
80 per cent was destroyed in 2 minutes. On the alkaline side some 
extracts were found to be very resistant at pH 9. 

The effect of 5 minutes heating to 50° at pH 6, 7,8, and 9 was also 
studied. In all samples heavy losses occurred, ranging from 44 
to 91 per cent. Addition of Na,SO, (10 per cent saturation) 
gave no protection against destruction at this temperature. 

Storage—The acetone-dried liver powders were found to be 
stable when stored in a vacuum desiccator even at room tempera- 


TaBLe Il 
Stability of Desulfurase under Different Conditions of Storage 





; 
| ab 
Sample Time and conditions = 2 
| 
j = 
< 
aint cen Rene 
per cent 
Powder II | 5 mos. in vacuum desiccator at | 70 
room temperature 
IV 3 mos. in vacuum desiccator at | 50 
room temperature 
Crude extract of Powder I Kept at pH 6, 1 day at 4° 68 
““ “ 6, 3 days «4° 27 
Ppt. from crude extract of Pow- | Kept under 60% saturated | 95 


der II | (NH,).S0, at pH 7.2, 1 day at 4°) 
Kept under 60% saturated | 55 
(NH,)2SO, at pH 7.2, 11 days | 
at 4° 


ture (Table II). In aqueous solution, however, desulfurase was 
very unstable; in the crude non-buffered extract (pH 6) stored 
at 4° decomposition was detectable after a few hours. When 
stored as a precipitate under 60 per cent saturated ammonium 
sulfate adjusted to pH 7, the decomposition was slightly slower, 
although still significant. Addition of glycerol to the extracts 
stored at 4° for 48 hours retarded decomposition, especially when 
the extracts were buffered at pH 7.2 (Fig. 2). 

Influence of Metallic Ions—Lead acetate up to 1.5 mg. per ml, 
was non-toxic, provided the pH did not fall below 5.8. In several 
cases the addition of 1.3 to 1.5 mg. of Pb acetate per ml. of extract 
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removed about 30 per cent of the inactive protein, resulting in the 
increase of the activity-protein ratio in the supernatant liquid. 
The results, however, varied with different extracts. It was not 
possible to obtain an active extract by extracting the precipitate 
obtained by the use of an excess of lead acetate with phosphate 
buffers of varying concentrations and pH. 


¢ 8 


3 





% of activity recovered 


© S © 45 20 25 30 35 40 45 
% of glycerol 


Fic. 2. Effect of glycerol on the stability of desulfurase during 48 hours 
storage at 4°. 


Tase Ill 
Salting-Out with (NH,4).SO, at pH 7 and at 0° 
The precipitates were redissolved in M/15 phosphate buffer and tested 
under standard conditions. 


H2S produced Activity recovered 





Sample 
7 per cent 

5 ml. crude extract... S4 100 
Ppt. from 5 ml. extract saturated to | 

40%...... | 23 | 27 

G0%...... 116 139 

80%. . 93 111 

100%. . | 30 | 36 


Salting-Out—In almost all experiments the salting agent used 
was a saturated salt solution. The pH of both the extract and 
saturated salt solution was adjusted before they were mixed. 
Only for total saturation was solid salt used; in this case the pH 
was adjusted after the mixing. 

The zone of salting-out with ammonium sulfate at pH 7 was 
found to lie between 40 and 60 per cent saturation (Table III). 
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The precipitate obtained between 40 and 60 per cent saturation 
was soluble in M/15 phosphate buffer of pH 7.2 and contained 
about 80 per cent activity, while the activity-protein ratio was 
usually doubled. 

The same limits of salting-out were found for NaSOQ,. Attempts 
to narrow the limits by changing the pH and temperature during 
the process (Table IV) gave no definite improvement except with 
extracts especially stable at pH 9 and 37°. Example: from such 
an extract characterized by R = 14.9, the fraction precipitated 


TABLE IV 
Salting-Out with NazSO, at 37° 
All precipitates were redissolved in m/15 phosphate buffer of pH 7.2 and 
tested under standard conditions. 














pH9 | pH 7 
n Per cent of sulfate | R | Per cent of sulfate | R 
saturation saturation 
; 2008 : 2240 
0 (Crude extract) 462 = 4.3 | 0 (Crude extract) | M1 5.1 
18 66 
0-31 —=0.4 0-40 — =().7 
70-8 | 20 
33 88 
31-41 —=0.5 40-45 — = 2.1 
67 | 42 
40-50 — 7.0 45-50 | = 6.4 
142 | 76 
50-60 $2 4.7 | 50-85 | oo 
; a. ; 0 | 59 
as | 378 
| 55-60 | == 3.3 
| 





with Na,SO, between 40 and 55 per cent (pH 9, 37°) after being 
redissolved in M/15 phosphate buffer of pH 7.2 showed the value 
of R = 40.3. After an overnight dialysis in the ice chest against 
distilled water, the ratio had fallen to R = 33.2. 

Treatment with Organic Solvents—Fractional precipitation of the 
crude extract, at pH 6, with ice-cold acetone of from 30 to 80 per 
cent concentration, led to the recovery of only 30 per cent of the 
activity, if the fractions were dried with ether. The most active 
fractions were those precipitated between 33 to 40 and 40 to 45 
per cent acetone concentration. If the extracts were buffered to 
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pH 7 and the precipitates were not dried but redissolved at once 
in buffer, 75 per cent of the activity was recovered. The most 
active fraction in this case was one precipitated by a concentration 
of between 50 and 66 per cent acetone. At pH 9 no precipitation 
occurred even with 5 volumes of acetone. Precipitation with 
acetone cooled to —20° was tried but with no improvement in the 
recovery of enzyme. 

Both methyl and ethyl alcohol caused a strong denaturation 
even at low temperature. 

Adsorbability—The desulfurase was practically non-adsorbable 
between pH 7 and 9 by aluminum oxide (nach Wislecenius) when 
added in amounts of 10 and 20 mg. per ml.; aluminum hydroxide 
Cy, 6 and 30 mg. (dry weight) per ml.; charcoal, 50 mg. per ml; 
and kieselguhr, 50 mg. per ml. From the unbuffered extract the 
enzyme was adsorbed better, but approximately parallel with the 
adsorption of total protein. Elution of the adsorbed material was 
not successful. 

Some better results were found by fractional adsorption on tri- 
calcium phosphate gel. Example: two portions of enzyme extract 
from which part of the inactive protein had been removed by lead 
acetate were used; the pH was 6, R = 27.9. The first portion 
was treated with 6 mg. (dry weight) of tricalcium phosphate gel 
per ml. of extract, allowed to stand for 20 minutes at 0°, and centri- 
fuged. The supernatant liquid showed R = 45.6. The second 
portion was treated in the same way with 12 mg. of gel per ml.; 
after adsorption the activity of the liquid was R = 30. Elution 
of the last adsorption complex with m/15 phosphate buffer of 
pH 7.2, equal to one-third of the original volume, gave R = 57. 

Attempts to combine several steps such as purification with 
lead acetate, salting-out, adsorption on tricalcium phosphate gel, 
and elution with phosphate buffer were rather unsuccessful, since 
heavy losses occurred between one step and another. The highest 
ratio obtained was R = 63. The initial crude extract in this case 
had a value of R = 20; the initial liver brei, R = 0.8. 


SUMMARY 


Dog liver was found to be the best source of desulfurase; livers 
of other animals contained less. Desulfurase is very unstable in 
aqueous solution; the zone of maximal stability lies between pH 6 
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and 8. At pH 4 the desulfurase is destroyed in a few minutes. 
Lead ions are non-toxic for desulfurase up to concentrations at 
which precipitation occurs, but once precipitated, the enzyme 
becomes inactive. Ammonium and sodium sulfates between 40 
and 60 per cent saturation precipitate the enzyme without destroy- 
ing it. The enzyme is almost completely precipitated with acetone 
at a concentration of 50 per cent at pH 6 and of 66 per cent at 
pH 7, but a significant denaturation occurs even at —20°. Desul- 
furase is poorly adsorbed by the usual adsorbents. Fractional 
adsorption on tricalcium phosphate gel at pH 6, followed by elu- 
tion with m/15 phosphate buffer of pH 7.2, proved most satisfac- 
tory. The highest activity to protein ratio so far obtained was 63, 
which is 3 times as high as that of the crude extract and about 
80 times that of the original liver brei. 


We are deeply indebted to the Rockefeller Foundation for a 
grant. 
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LETTERS TO THE EDITORS 





MOVING BOUNDARY ELECTROPHORETIC STUDY OF 
INSULIN. A CORRECTION 


Sirs: 


Dr. H. A. Abramson has called my attention to an error in that 
part of the data of Fig. 5 of my recent paper! which was transcribed 
from a previous article by Wintersteiner and Abramson.? The 
insulin mobility values of Wintersteiner and Abramson (V,, = cm. 
per sec. per volt per cm. X 10*) should have been multiplied by 10 
before being plotted on the same scale as my data (mobility in 
em. per sec. per volt per cm. X 10°). 

The same factor should have been used to reduce the data of 
Howitt and Prideaux’ to the same scale. 

I am glad to correct this error, as it brings the data of Winter- 
steiner and Abramson and the moving boundary data presented 
by me into close agreement at pH 4 when the temperature dif- 
ference of the two sets of data is considered, rather than indicating 
disagreement as stated in my paper. 


Department of Biochemistry James L. Hau 
Cornell University Medical College 
New York City 


Received for publication, June 12, 1941 
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GROUP-SPECIFIC SUBSTANCES IN HUMAN SALIVA 
Sirs: 

Studies on group-specific substances of human origin have been 
carried out with preparations from urine, blood cells, and gastric 
juice’? The following observations concern the substances 
present in human saliva. 

Saliva collected from secretors belonging to the blood groups 
A, B, and O was heated to prevent decomposition by enzymes, 
evaporated at room temperature to small volume, and freed of 
heat-coagulable material. After being subjected to alcohol 
precipitation, solution in water, clarification by centrifugation at 
high speed, and two reprecipitations with alcohol from acid solu- 
tion, the saliva samples yielded an average of 15 mg. of material 
from 500 ce. portions which, washed and dried at room tempera- 
ture, dissolved in water to give highly viscous, sometimes turbid 
solutions. On a dry weight basis the substances were at least 
40 times as active as the total solids of saliva; complete inhi- 
bition of isoagglutination under the conditions of testing? was 
seen with dilutions of 1:4,000,000 to 1:8,000,000. 

At this stage of purification the substances in 1 per cent solutions 
gave no precipitation with picric, sulfosalicylic, and trichloroacetic 
acids and basic lead acetate. Tannin gave no precipitation but a 
turbidity with some preparations. The Millon reaction, Ehrlich 
test for tryptophane, and the lead test for sulfur were negative; 
the xanthoprotein and biuret tests were faintly rositive, while 
distinct reactions were obtained with diazotized sulfanilie acid 
and in the Sakaguchi test. 

' Schiff, F., Ueber die gruppenspezifischen Substanzen des menschlichen 
Koérpers, Jena (1931). Hallauer, C., Z. Immunitdtsforsch. u. exp. Therap., 
83, 114 (1934). Witebsky, E., and Klendshoj, N. C., J. Exp. Med., 72, 
663 (1940). 

* Freudenberg, K., et al., Ann. Chem., 610, 240 (1934); 518, 97 (1935); 
Sitzungsber. Heidelberger Akad. Wissensch., Math.-naturwissensch. Kl., 1. 
Abhandl. (1938); 9. Abhandl. (1939). 

* Landsteiner, K., J. Exp. Med., 68, 188 (1936). 
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The preparations were analyzed by the techniques previously 
employed.‘ The results, on an ash-free basis, are given in the table 
in per cent. 





Reducing 








Substance Total N aa a me Hexosamine yond Ash 
A 5.65 2.48 1.81 23.3 45.5 0.76 
B 5.33 2.35 1.71 21.7 48.5 0.90 
0 5.74 2.91 1.68 21.5 46.5 1.91 




















In an earlier investigation‘ it was found that preparations of 
A substance from hog stomach, obtained by various methods, 
contained a considerable amount of amino acids, determined by 
the ninhydrin method of Van Slyke, and it was deemed that 
amino acids probably belong to the substance itself. In the 
preparations here examined amino acids again were demonstrated, 
the values being greater than in the previous case. Whether the 
amino acid content can be reduced by further purification will 
await examination. 

So far no chemical differences have been found to explain the 
serological specificity (ef. foot-note 2); the analytical differences 
seen in the table cannot be considered as significant. In this re- 
spect it will be of interest to examine the saliva of individuals 
whose secretions do not contain the serologically active substances 
(non-secretors). 


Laboratories of The Rockefeller Institute for Medical K. LANDSTEINER 
Research R. A. Harte 


New York 
Received for publication, June 30, 1941 





‘ Landsteiner, K., and Harte, R. A., J. Exp. Med., 71, 551 (1940). 

’ According to Van Slyke and MacFadyen (personal communication) 
and our own observation, glucosamine yields no CO, in the analytical 
procedure as specified. 














INHIBITION OF SUCCINIC DEHYDROGENASE BY 
PHENOTHIAZONE 


Sirs: 


The observation of Keilin and Hartree' that pyocyanine strongly 
inhibits succinic dehydrogenase led us to test the effect of pheno- 
thiazone on the enzyme. Phenothiazine, used as an anthelmintic, 
is converted to the leuco form of phenothiazone in the animal 
body.” 

Succinic dehydrogenase was prepared from beef heart by the 
method of Stotz and Hastings* and the activity was followed 
manometrically according to their technique. In each case 0.5 
ml. of enzyme was used, and the results are expressed in ml. of 
oxygen absorbed in 1 hour at 37° and pH 7.3, the appropriate 
blanks having been deducted. The buffer was saturated with 
phenothiazone, giving a final concentration of 5 X 10-* Mm 

Oxygen uptake by the enzyme acting on succinate was com- 
pletely suppressed, as indicated below. On the other hand, the 
oxidase activity was unaffected, when p-phenylenediamine was 
used as substrate. (It had previously been shown that leuco- 
phenothiazone strongly inhibits cytochrome oxidase.*) With 
cyanide-treated enzyme acting on succinate in the presence of 
methylene blue, phenothiazone reduced the oxygen absorption 
by more than one-half. 


A. Untreated enzyme on succinate. FP Ne ee 0.151 
In presence of phenothiazone . Pp ee Nil 

B. Untreated enzyme on p- ~phenylenedia Gs 6-06 sa mann 0.352 
In presence of phenothiazone. + Fini ins ees ania eae 

C. Enzyme + KCN and methylene blue. axiwiecgces ae 
In presence of phenothiazone.......................... 0.027 











1 Keilin, D., and Hartree, E. F., Proc. Roy. Soc. London, Series B, 129, 
277 (1940). 

* Collier, H. B., Canad. J. Research, Sect. D, 18, 272 (1940). 

* Stotz, E., and Hastings, A. B., J. Biol. Chem., 118, 479 (1937). 

‘Collier, H. B., Canad. J. Research, Sect. B, 18, 345 (1940). 
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Leucophenothiazone Phenothiazone 


It would therefore appear that the reversible system pheno- 
thiazone-leucophenothiazone strongly inhibits both the oxidase 
and dehydrogenase components of the beef heart preparation. 
Further details will be presented in a forthcoming publication. 
Institute of Parasitology H. Bruce Couturier 

McGill University at Macdonald College De.Lta ALLEN 

Quebec, Canada 


Received for publication, July 1, 1941 

















THE PURIFICATION OF PROTHROMBIN* 


Sirs: 


In previous work! it was shown that prothrombin of great 
potency can be isolated from beef plasma. In the first step, the 
plasma was diluted 10-fold with water, and the prothrombin was 
then precipitated at pH 5.1 to 5.3. Antithrombin fortunately 
remained in solution, but unfortunately only about 36 per cent 
of the prothrombin was obtained. It has now been found that the 
yield can be improved markedly if the electrolyte concentration is 
still further reduced prior to precipitation. 

In collecting blood, a rather large excess of potassium oxalate 
was formerly used to remove calcium, and this contributed elec- 
trolytes which we now know to be undesirable. To afford complete 
protection of the prothrombin a 3-fold excess of oxalate is, never- 
theless, required, and this amount interferes somewhat with the 
quantitative precipitation of prothrombin. Theoretically, this 
source of difficulty might be minimized by using oxalic acid instead 
of the sodium or potassium salt. This, however, would result in 
too low a pH value and consequent damage to the prothrombin. 
As a compromise procedure, it is practicable to use a mixture of 
the acid and the salt. We draw each liter of beef blood into 
50 to 60 cc. of a solution containing 1.85 per cent K:C,0,-2H,O0 
and 0.5 per cent H.C,0,-2H:O. When the plasma from such 
blood is diluted 15-fold and brought to pH 5.1 to 5.3, a prothrombin 
yield of 90 to 100 per cent is regularly obtained. 

In the next step, the protein precipitate, containing the pro- 
thrombin, is separated by light centrifugation. In our previous 


* Aided by a grant from the John and Mary R. Markle Foundation. 
Assistance was supplied by the Graduate College, State University of 
Iowa; certain materials and equipment were supplied by Parke, Davis and 
Company, Detroit. 

' Seegers, W. H., Smith, H. P., Warner, E. D., and Brinkhous, K. M., 
J. Biol. Chem., 123, 751 (1938). Seegers, W. H., J. Biol. Chem., 136, 103 
(1940). 
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work we dissolved the precipitated proteins in oxalated saline and 
adsorbed the prothrombin on Mg(OH):. We have now found a 
valuable and relatively simple method for removing most of the 
inert proteins before proceeding to the adsorption step. It 
consists in resuspending the precipitate in water and bringing 
the pH to 6.4, with 0.1 n NaOH. The solution obtained by 
centrifugation contains less than 2 per cent of the proteins origi- 
nally present in the plasma, and about 80 per cent of the plasma 
prothrombin. The remainder of the prothrombin can be obtained 
by a second extraction without dissolving any large amount of the 
inert material. 

On additional purification, by techniques previously described,! 
one obtains material 20 to 40 per cent more potent than any 
reported earlier. Also, the present product is free of thrombo- 
plastin. The marked improvement in yield permits the prepara- 
tion of large amounts to be used for chemical and _ biological 
studies or for hemostasis? in patients. 


Department of Pathology WALTER H. SEEGERS 
State University of Iowa H. P. Smita 
Towa City 


| 
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? Seegers, W. H., Warner, E. D., Brinkhous, K. M., and Smith, H. P., 
Science, 89, 86 (1939). Warner, E. D., Brinkhous, K. M., Seegers, W. H., 
and Smith, H. P., Proc. Soc. Exp. Biol. and Med., 41, 655 (1939). 
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XANTHOPTERIN, THE FISH ANEMIA FACTOR 


Sirs: 

Nutritional anemia in fish arises on a high protein diet which 
contains yeast as a source of the vitamin B complex. This 
anemia can be cured by the addition of liver, liver extracts, and 
fly maggots to the diet,' or it can be cured by injections of liver 
extract.” 

From a series of studies on the nature of the factor in liver which 
causes this remission, it became apparent that the chemical 
properties of the fish factor were very similar to those of xan- 
thopterin. Moreover, Tschesche and Wolf had shown that 
xanthopterin was effective in curing goat’s milk anemia of young 
rats.® 

Xanthopterin (uropterin) was prepared in relatively pure form 
from human urine by Koschara’s method.‘ Injections of from 
30 to 50 y into anemic fingerling Chinook salmon brought about a 
rapid remission of the anemia. The curve of regeneration against 
time was found to be the same as had been obtained with liver 
extracts.5 A similar response was obtained from xanthopterin 
prepared from Lederle’s liver extract® by precipitation with 
AgOH-AgNO;, regeneration with HCl, adsorption on fullers’ 
earth, elution with 20 per cent pyridine, evaporation to dryness, 
precipitation of the barium salt, and regeneration of the pterin 
with HCl and NazCO;. 17 mg. were obtained from 600 units of 
liver extract. The maximum peak of this erythrocyte regenera- 
tion was obtained in 3 days. 

Finally, synthetic xanthopterin was prepared from 2,4,5- 


! Phillips, A. M., and McCay, C. M., Science, 93, 355 (1941). 

? Norris, E. R., Simmons, R. W., and Donaldson, L. R., Proc. Soc. Exp. 
Biol. and Med., in press. 

* Tschesche, R., and Wolf, H. J., Z. physiol. Chem., 248, 34 (1937). 

‘ Koschara, W., Z. physiol. Chem., 240, 127 (1937). 

* Unpublished data. 

* Kindly supplied by Lederle Laboratories, Inc. 
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triamino-6-hydroxypyrimidine’ by Purrmann’s method.* 50 ¥ of 
this pure crystalline material were able to produce a maximal 
erythrocyte response in fingerling Chinook salmon. 

In addition the action of the photoisomer of xanthopterin, 
obtained by exposure of xanthopterin in 0.5 N NasCQOs solution to 
strong ultraviolet radiation, was tried. 50 y of this product, 
given intraperitoneally, were found to be toxic to all of the fish 
which were injected. None of the fish given the synthetic xan- 
thopterin died. 


Red blood counts per c.mm. 





Source of xanthopterin bmn Beh | ES fanaa "kad 
| fish fish 
7 
Urine behead : 2 416,000 659 ,000* 
ck . : 50 3 501,000 944 ,000 
Liver extract 50 3 870,000 1,352,000 
Synthetic x 50 2 916,000 | 1,305,000 


* These counts represent the means of several fish. The statistical 
significance of all of these differences has been demonstrated. 


Further studies are in progress on the mechanism of this action 
as well as investigations into the réle of xanthopterin in avian and 
mammalian nutrition. 

The authors are grateful for the facilities provided by Professor 
L. R. Donaldson of the School of Fisheries of the University of 
Washington. 


Oceanographic Laboratories and the Division of RicHarp W. SimMons 
Biochemistry Kari R. Norris 
University of Washington 
Seattle 


Received for publication, July 17, 1941 


7 Traube, W., Ber. chem. Ges., 33, 1371 (1900). 
* Purrmann, R., Ann. Chem., 546, 98 (1940). 














RELATION OF A GROWTH FACTOR REQUIRED BY 
LACTOBACILLUS CASEI « TO THE NUTRITION 
OF THE CHICK 
Sirs: 

The norit eluate factor previously shown to be required by 
Lactobacillus casei e' has been further purified and appears to be 
required by the chick. The active material in solubilized liver? 
was concentrated’ by adsorption on norit A and elution with a 
solution containing LO per cent ammonia and 50 per cent ethanol 
at 75°. Adsorption and elution were repeated with Super Filtrol 
and norit A successively. The final product had an activity of 
1 unit! in from 0.09 to 0.15 y of material per 10 cc. of medium and 
represents a 100- to 200-fold concentration. 

Electrodialysis and esterification showed that the active com- 
pound is acidic and that at least part of the acidity is due to a 
carboxyl group. Activity is destroyed by nitrous acid, indicating 
the presence of a free amino group. This group was also suggested 
by acetylation and benzoylation. Recently Stokstad* reported 
that the active compound is a nucleotide and partially replaceable 
by thymine and guanine. Since the bacterial factor has many 
properties in common with certain chick factors,‘ concentrates of 
it were fed to chicks with a ration of the following percentage 
composition: dextrin 47, purified casein 18, salts 5, soy bean oil 5, 
cartilage 15, and blackstrap molasses 10. Vitamins were added 
at the following levels per kilo of ration: thiamine 3 mg., riboflavin 
3 mg., pyridoxine 4 mg., pantothenic acid 15 mg., nicotinic acid 


' Snell, E. E., and Peterson, W. H., J. Bact., 39, 173 (1940). 

* We wish to thank Dr. David Klein of The Wilson Laboratories, Chicago, 
for this preparation. 

* Stokstad, E. L. R., J. Biol. Chem., 189, 475 (1941). 

‘ Hegsted, D. M., Oleson, J. J., Elvehjem, C. A., and Hart, E. B., Proc. 
Am. Soc. Biol. Chem., J. Biol. Chem., 183, p. xli (1940). Stokstad, FE. L. R., 
and Manning, P. D. V., J. Biol. Chem., 126, 687 (1938). Schumacher, A. E., 
Heuser, G. F., and Norris, L. C., J. Biol. Chem., 186, 313 (1940). 
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100 mg., choline 1.5 gm., and inositol 1.0 gm. A vitamin A and 
D concentrate was fed by dropper. The results are shown in the 
table.® 

















Concentrate Supplement No. of chicks Kile 
| gm. 
None | 23 (3 groups) | 106 
A 1000 units (0.1 to 1.0 mg.) | 
| per gm. ration & . Bis 192 
B | Inactive concentrate / 6a group) 124 





Since 2 per cent of solubilized liver is adequate and only 10 mg. 
of concentrate per 100 gm. of ration are required, it is evident 
that the chick factor has been concentrated about 200 times. 

Concentrate A was further purified by precipitation as the zinc 
salt, converted into the free acid with oxalic acid, and then neutral- 
ized with ammonia (Concentrate B). Such concentrates are 
remarkably unstable and in storage lost approximately the same 
amount of activity for both the bacteria and the chick. 

Although the present data do not prove that the bacterial and 
chick factors are identical, the parallel concentration and inactiva- 
tion suggest that they are. 


Department of Biochemistry B. L. Hutcsines 
College of Agriculture N. Bononos 
University of Wisconsin D. Marx Heestep 
Madison C. A. ELVEHJEM 


W.H. Pererson 
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5 The authors are indebted to G. M. Briggs, Jr., for assistance in the 
feeding and care of the chicks. 

















PYRUVIC AND a-KETOGLUTARIC CARBOXYLASES OF 
ANIMAL TISSUES 
Sirs: 

With a method similar to the one employed in the preparation of 
dihydrocoenzyme I oxidase,' a crude enzyme preparation from 
pig heart has been obtained which catalyzes the decarboxylation 
of pyruvic and a-ketoglutarie acids. The decarboxylation has 
been found to depend upon (1) protein, (2) a divalent cation 
(Mn or Mg), and (3) diphosphothiamine. Whether or not 
phosphate is essential is as yet uncertain. A mixture of the 
enzyme system and substrate evolved CQO, either aerobically or 
anaerobically. No oxygen uptake could be detected. There 
was no evolution of gas in the absence of substrate. 

With a-ketoglutaric acid as substrate, the evolution of CO, 
was not accompanied by a decrease in the bisulfite titration, thus 
indicating no change in total carbonyl groups. The formation 
of an aldehyde was indicated by the reduction of methylene blue 
in the presence of xanthine oxidase. This aldehyde was isolated 
as the 2,4-dinitrophenylhydrazone, which was found to be identical 
with the corresponding derivative of succinic semialdehyde. 

The CO, liberated from pyruvic acid corresponds to 75 to 80 
per cent of the pyruvate added. Based on the CO, liberated, an 
amount of acetylmethylearbinol is formed which is 70 to 80 per 
cent of that required by the reaction 2CH;COCOOH = 2CQO, + 
CH;COCHOHCH;. The acetylmethylearbinol was identified by 
the Voges-Proskauer reaction, as the 2,4-dinitrophenylosazone, 
and was estimated as nickel dimethylglyoxime.’ 

The following evidence suggests that acetaldehyde is the first 
product. formed and that it is rapidly condensed with pyruvic 
acid to give an intermediary which is decarboxylated to acetyl- 
methylearbinol: (1) in the presence of acetaldehyde, the rate of 


' Dewan, J. G., and Green, D. E., Biochem. J., 32, 626 (1938). 
2Stahley, G. L., and Werkman, C. H., Jowa State Coll. J. Sc., 10, 205 
(1936). 
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CO, formation from pyruvic acid is increased nearly 4-fold; (2) 
from a given amount of pyruvate, the yield of acetylmethyl- 
carbinol in the presence of acetaldehyde is twice that obtained 
with pyruvate alone; (3) when propionaldehyde is substituted for 
acetaldehyde in the system, the product isolated is the 2,4- 
dinitrophenylosazone of propionylmethylearbinol (or its isomer 
acetylethylearbinol). Other aldehydes, as _ propionaldehyde, 
butyraldehyde, crotonaldehyde, etc., also increase the rate of CO, 
production from pyruvic acid. 

The enzymes have been prepared from the following sources: 
pig heart, brain, and kidney; rabbit skeletal muscle, kidney, and 
liver; horse heart; and pigeon breast muscle. The richest source 
yet found for the enzyme is pig heart. The most active prepara- 
tions produce CO, from a-ketoglutaric acid at the rate of about 
200 c.mm. per hour per cc. of enzyme at 38°; from acetaldehyde 
plus pyruvate, the rate is 350 c.mm. The reaction is carried 
out in phosphate buffer at pH 6 and is maintained almost linearly 
for4to5hours. This enzyme system is similar to, but apparently 
not identical with, that prepared from bacteria by Silverman 
and Werkman.* 


Department of Biological Chemistry D. E. GREEN‘ 
Harvard Medical School W. W. WEsTERFELD 
Boston BrrGit VENNESLAND 


W. E. Knox 


Received for publication, July 23, 1941 


’ Silverman, M., and Werkman, C. H., J. Biol. Chem., 138, 35 (1941). 
* Beit Memorial Research Fellow. 




















THE SPECIAL LABILITY OF SERINE AND THREONINE 
TOWARD ALKALI, WHEN IN PEPTIDE COMBINATION 


Sirs: 

The methods we have developed for the determination of 
threonine! and of serine? have enabled us to confirm our suspicion 
that, in protein combination, these acids have a striking sensitivity 
toward alkali, whereas when free they are entirely stable under 
comparable conditions. There is an analogy to the greatly en- 
hanced susceptibility of cystine when in peptide or protein combi- 
nation. When silk is boiled for an hour with 0.1 N alkali, about 
a third of the total of the serine and threonine disappears, and 
there is a corresponding increase in “amide ammonia.” The 
results are illustrated in the table. 


Destruction of Serine and Threonine, and Formation of ‘‘Amide Ammonia,” 
by Action of Alkali on Whole Silk 














| Original | SE* Treated | 8 

rent went | per cent per cent 
Threonine..... _— er! 2.76 2.44 1.47 1.30 
Serine......... 16.11 | 16.11 | 11.00 | 11.00 
Amide NHa.. oe ea akakes 0.86 | 5.31 1.83 | 11.30 





* Serine equivalent, the preceding values recalculated as molecular 
equivalents of serine. 


The total decrease in serine and threonine is (in serine equiva- 
lents) 6.25 per cent. The increase in amide ammonia is, in the 
same units, 5.99 per cent. The agreement is within the limit of 
accuracy of the determination of amide ammonia. 

The results given in the column headed “Original” were ob- 
tained after refluxing for 24 hours with 20 per cent hydrochloric 
acid. The same method of hydrolysis was used after the alkali 
treatment. Ammonia evolved during the alkali treatment was 
collected and included in the calculation of ‘amide ammonia.” 


‘Shinn, L. A., and Nicolet, B. H., J. Biol. Chem., 138, 91 (1941). 
* Nicolet, B. H., and Shinn, L. A., J. Biol. Chem., 189, 687 (1941). 
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Such results, as we shall show elsewhere, are not limited to silk 
proteins, or to the particular conditions of alkali treatment men- 
tioned. They seem to be somewhat simply explicable along the 
lines on which one of us* tried some years ago to rationalize the 
increased reactivity of cystine in peptides. We suggest that a 
serylpeptide loses water, to become a dehydroalanylpeptide, which 
would necessarily lose ammonia on hydrolysis. 

The results and methods here indicated will doubtless be of 
importance in any attempt to understand the denaturation of 
proteins by alkalies. We are exploring the possibilities of addi- 
tion to the double bonds of the dehydropeptides produced and 
already have experimental evidence for the production of at least 
3 per cent of S-benzylcysteyl residues in silk,‘ by the action of 
benzyl mercaptan in the presence of alkali. 


Bureau of Dairy Industry Ben H. Nicoier 
United States Department of Agriculture Leo A. Sxinn 
Washington 
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3 Nicolet, B. H., J. Am. Chem. Soc., 53, 3066 (1931); J. Biol. Chem., 96, 
389 (1932); J. Wash. Acad. Sc., 28, 84 (1938). 
‘ This is, of course, a new synthesis of cystine. 





